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In introducing a re-isstie of this important work 
under the above title, the conductors deem it right 
in the first place to glance hero, as fully as space 
will permit, at the leading features of its various 
departments. This, they venture to believe, will show 
dearly how well deserved the claim of the work is, to 
be n guide to that class of information calculated to 
be practically useful to the large and influential body 
made up of our various industrial workers ; and to 
possess for them a direct pecuniary value in enabling 
them to raise the worth of their services through the 
greater skill and accuracy which arises from a more 
perfect knowledge of the details of their work, and of 
tl»e principles upon which that work is based. To 
be worthy of this place in practical literature, the 
work, as a whole, was based on certain leading 
principles adopted after long and anxious con- 
sideration, What those principles are, the value 
of wliich the first issue of the work abtmdantly 
proved, will be found detailed in the second paper 
in this part— this being the commencoment of a 
speciiul paper under the title of ” Technical Education 
in relation to the Present Ctondition of our Industrial 
Work.'^ In the short si)ace at our command hero, it 
is not possible to give a full vidimus or synopsis of 
the various subjects treated of, which would have 
any pretensions to bo considored complete. At the 
best we can but glance at the most im^iortant of the 
papers which go to make up the pages of the work 
the re-issue of which the present part begins. Con- 
sidering the evidences which every wliere suiTOund 
us, the innumerable buildings filled with machines of 
every kind, the high i-eputation which we have long 
enjoyed, and still possess, as makers of the wide 
variety of objects used in the arts and sciences, and 
necessary to man in one or other of his many works 
and wants, it is scarcely necessary to say that a 
very important part of The Inlustbial Instructob 
is taken up with papers on what, for lack of a better 
name, more descriptive, yet as concise and brief, are 
called the Constructive Arts.” Of these — as shelter 
for himself and his work is a prime necessity of man — 
the arts of Masonry” and “ Bricklaying” are treated 
VOL. I, 


in a thoroughly practical, yet suggestive manner. 
Naturally following upon these important subjects, 
come those in their way not less so — tiamely ** Car- 
pentry” and “Joinery,” and the branch of work 
cognate to the latter known as “Cabinet Making.” 
Closely connected with the work of the joiner and the 
cabinet maker are the departments of “ Ornamental 
Wood Work ” and of “ Mouldings,” each of wliich 
receives a careful treatment. And, ns a natural 
adjunct to the papers above named, we have an 
important one taking up the designing of domestic 
houses, discussed under the title of “ Tlie Domestic 
House Planner,” while many of tho healtli-securing 
details are given under the title of “Tlie Sanitary 
Architect.” In the varied work of our manutaebures, 
maohiiios and mechanical appliances assume a highly 
imjiortant part. Many of the points connected with 
the design and the making of these are dlscusBed in 
a series of most suggestive papers under the title 
of “Tho General Machinist”; while the same oflice 
is done for our princiiial ju inie mover or motor, and 
this under the title of “The Steam Engine User.” 
In connection with materinls nothing is more remark- 
able than tho revolution whirii has taken place iv. 
the arts of iron and steel making, in which arc dis- 
played tho highest developments of science, and the 
most strikingly ingenious and successful mechanical 
contrivances, combinations, iind appliances, I fence 
particular attention has been given to tho two 
subjects of which the titles are “ Tlie Iron Maker ” 
and “Tho Steel Maker.” But, as man requires 
the shelter of his house, so equally ho demands 
clothing for tho body ; and of all tho textile (i.e. 
woven) fabrics, cotton is the most largely used. Tho 
details of this manufacture, interesting in all its 
branches, will bo found explained in the series of 
papers entitled “ The Factory Worker,” And closely 
connected with the making of calico is its orna- 
mentation in “ colour ” and “ design.” Tlie details of 
these ai‘o found in the papers entitled “ The Calico 
Printer” and “The Colour Manufacturer”; while 
** The Alkali Maker ” considers the points connected 
with the making of those substances which are the 
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baib of a wide variety of manufactures. Then, as 
shelter and clothing are provided for, comes the pro* 
duotion of food, with its imperious demands. Two of 
its most important departments — ^the props and cattle 
— ^will be found in two papers, the one entitled “ The 
Farmer,” the other ** Tlie Grazier ” ; while cognate 
and highly important subjects are discussed in two 
further papers, ^*The Land Drainer” and “The 
Eoad Maker.” Another department closely allied to 
farming work is that of the production of vege* 
tables and fruit, the leading points oi which arc 
given in “ The Market Gardener ” and “ The Cottage 
and Villa Gardener”; while several of the points 
connected with the ornamental laying out of the 
garden and grounds are illustrated in The Garden 
Architect.” But, as nearly all of the departments 
of industrial work we have named require the 
knowledge of certain i)rinciples of science, as well 
as a capability to design the different structures, 
machines, and appliances, information of this chn- 
ractor is given in full detail in the papers entitled 
“The Student's Introduction to Mechanics,” “The 
Young Architect and Engineer,” “The Geometrical 
Draughtsman,” “The Building and Machine Draughts- 
man,” and “ The Ornamental Draughtsman ” ; while 
several points of impoiiiance in relation to design will 
be found in the paper entitled “ Form and Colour as 
applied to Industnal Decoration,” In addition to 
these, the leading papers, there are a number of minor 
subjects, which, although comparatively brief, never- 
theless still contain a large amount of practical 
information, such as the papers on “ Belt and Pulley 
Driving Gear,” “Friction,” “Bessemer Steel Work- 
ing,” “ Ensilage,” “ Steam Engine Boilers,” “ Water 
Ln the Industrial Arts,” “ Fuel and its Combustion,” 

“ Lubrication of Machines,” and “ Cements,” together 
with a Diiml)or of tables and memoranda containing 
a wide variety of practical information on nearly 
eveiy branch of the “ meclmnical ” or “ constructive 
arts,” and on “chemistry” applied to the arts, of 
great utility in industrial work. 

Finally, the last feature of The Industrial Self- 
Instructor to which its conductors deem it necessary 
here to direct attention is the Cydopcedio T^chnick 
Diotionary of the Leading Tedinical and Tmde Terms 
in Architeeiural Design and Building Corntruetiwi. 
The value of this Diotionary was fully acknowledged 
during its publication, and it has proved itself a most 
attractive feature of our work. It gives in brief 
paragraplis a large amount of practical information, 
together with the derivations of the terms, with the 
valuable addition of synonyms in the French and 
German languages, the pronunciation of which^ 
always a difficulty to those who have not a knowledge 
of these tongues— is made easy by a very simple and 
readily oomprebended method of using English syllables. 


Having thus given the reader a fairly complete 
statement of what subjects “ The Industrial 
Instructor” takes up and discusses, with a fulness 
of ilhutmi/ion rarely attempted in technical litera* 
ture, the conductors deem it necessary, in the interests 
of those leaders who are closely concerned with the 
practice of one or other of {he many branches of what 
may be called by the general name of industrial work, 
to glance here briefly, by way of practical introduction, 
at the leading points of the great question which is 
now engrossing the public attention. Tliis question 
is, how best to impart a specially practical education 
to those actually engaged in, or who are looking forwai'd 
to being connected as workers with, the great branches 
of that industrial work which has placed our country 
in the highest rank of manufaotui’es and trades, and 
given her that wealth and influence which has made 
her the flrst of prosperous peoples. This increased and 
increasing attention to the question as here broadly 
stated has arisen from the important fact that we, 
who at one time, and that not so very remote, possessed 
the monopoly of the world's manufactui'ing trade, and 
were practically the sole producers of the world's 
goods, are now face to face with a fierce competition 
carried on by the very people who, at one time, 
received virtually the whole of their supplies from us. 

The causes which have brought this state of matters 
into existence— a condition of affairs simply of the 
gravest importance to us as a people — need not be 
here detailed. The reader will find them fully dis- 
cussed, together with practical points which flow out 
of them, in the pai)er on “ Technical Education in 
relation to the Pi’esent Condition of our Industrial 
Work,” the first part of which will be found as the 
succeeding paper to this in the present number. 
Inviting the reader to carefully study the various 
points of this paper, as bearing in reality in the 
closest manner on liis welfare as a worker, in whatever 
branch of industry he may be engaged, we proceed to 
glance at the lea^ng features of tlie great question 
which we have named. For, however much men may 
differ as to tho \mt way of meeting the difficulties of 
the present position, all are agreed that if anything 
can be done to enable us to regain our supremacy 
as manufacturers of every style of what are called 
by the comprehensive name of “ goods,” something 
ought to be done energetically, and done, moreover, 
at once ; inasmuch as a continuance of I'emunerative 
employment for the vast body of our working 
population is a matter of the highest importance, 
than which, indeed, none can be higher nationally. 
Amongst the methods proposed to bring about this 
most desirable end — and many claim it to be the only 
method— is that of imparting to our great body of 
workers, and to the youths who will one day belong 
to it, a knowledge of the principles upon which the 
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|)ractioe of their work is based, so as to make them more 
^ful because working more intelligently, and thus to 
enable them to hold their own — ^indeed, to excel their 
fellow workmen in foreign countries, who are their 
determined and dangerous competitors, and who are 
said to be much better educated — technically — than 
they are, and are therefore much better able to 
compete with them. 

To the peculiar stylo of education above named 
the name of technical has been given; and to the 
solution of the groat question How best can it be 
imparted ? the nation is now called upon to give its 
be^ attention, and as a necessity to devote much of 
its wealth. For to carry any scheme so effectively 
out as to be really worth the money it will cost, it 
must be universally adopted, so as to take in all 
districts of the kingdom, And this large expenditui*o 
means delay. For even if the legislature had decided 
to make a systematic effort to carry out technical 
education as a national work, much time would pass 
away before the system could be made genoz-ally 
available. What has boon done as yet lias been done 
by private munificence or coi’porato liberality; but, 
umoh as it appears, it is in reality little or nothing 
compared to what must yet bo done. The conclusion, 
then, is inevitable, that it will be years before a 
national s}’stem of technical education is established; 
while during this interval the evil continues— nay, 
will almost certainly bo more and more accentuated 
as time goes on ; tlie competition getting more widely 
extended, more fiercely and forcibly developed. 

And in this connection, a point of essential im- 
portance too long and too frequently overlooked is 
this : that tlie national system^ when hrst established, 
will only be so in the towns, and of tliose only the 
largest, and it will bo long before the provincial 
villages and rural districts arc even touched. But it 
will be a huge mistake, and a grave one, if these are 
neglected, as a large number of our best engineers, 
mechanics, etc., have been lads from the country.'* 

But yet another point in this connection must be 
considered, and this is the direct relation of the 
working man to the public means which may l)e 
placed at his disposal for the acquirement of technical 
knowledge. Be it understood that we are not now 
considering the case of primary or school technical 
education for young people ; we are referring now to 
those who are in their apprenticeship, or have just 
started as journeymen, with life and all its responsi- 
bilities before them, and who are impressed with a 
strong necessity to get on in their calling. It would 
be a libel on our working lads and men to say that the 
majority of them are not of this class. But if a census 
were taken of all those attending technical colleges, 
schools, and institutes, it would be matter of great 
surprise to many how small would be the percentage 


of the attendants belonging to the class of actual ap- 
prentices and journeymen who had only their physical 
health and strength, and tbeir skill and ability in 
their respective callings, to depend upon for their 
living. But the technical education we all talk so 
much about is intended, if not wholly, certainly chiefly, 
for the aotual worhen of the community by whom the 
vast routine of our trades and manufaotui’es is daily 
earned out. And the fact we have named, that so 
few of them, comparatively, avail themselves of the 
teelinical schools which ai'e within their reach, is not 
so derogatory to tliem as many will be at first sight 
apt to decide. It can be accounted for by natural 
causes. What these are will be found fully detailed 
in the paper already alluded to on ‘^Technical 
Education," following this paper in the present 
number. 

The practical result of all that has been here 
advanced — and, did space permit, much more could be 
given — and also in the paragraphs of the paper on 
“ Technical Education " wo have referred to, is this. 
That for a long time to come it must bo carried on, 
if carried on at all, by the working lads and men 
themselves anxious to get on in life, and secure, by 
what they can do individually^ the maintenance of 
our natural supremacy os the best workers " of the 
world. And, further, that this n^lf -education cim only, 
and this from the necessities of the case, in nine 
districts out of ten ihrotighout the kingdom be carried 
out at home. Taking the actual facts of the present 
position, this is the inevitable conclusion to which 
practical men who know all the cir-cuinstanoos of the 
position Lave come. And it was with the wish to 
minister to the wants of the working classes mainly, 
and to place before them means by which they could 
in the privacy of their homes acquire a knowledge of 
tiioso principles upon which all good work is based, 
that the publishers brought out their Industeiat/ 
Self-Instruotob. And while, by the concurrent tes- 
timony of the critics, the work was pronounced to bo 
one thoroughly practical, and eminently calcailated to 
advance the interests of workers, it was particularly 
gratifying to the publishers and conductors of the 
work to find this testimony ‘amply and sincerely 
acknowledged by many of its readers, who at once 
grasped and appreciated the principle upon which the 
plan of the work was based, and the spirit in wLi(di 
its various papers were wiitten. 

In presenting to the reader the first numlier of the 
T$-i9»vs of what is virtually a complete Cyclopmdia q; 
the Technical and Industrial Arts of Gnat Britain 
adapted to Home Study, it will be in his interest 
if a brief notice is here given of the impoi’tanb 
purpose which the work is designed to serve; of 
the principle upon which it is as a whole based; 
and of the spirit in which its pspers have been 
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ponned; and which will be a useful supplement to 
the brief of the leading subjects treated of, 

which we have already given. Holding the views its 
conductors do with regard to what technical education 
is, how it can be carried practically out, and the didi- 
cultioB in the way of this, — holding further the opinion 
that the system or kind of technical education advo- 
cated by many will not do all that is claimed for it, and 
that something else very dideront indeed is required 
to enable uu to meet the fierce competition which 
confronts us all over the world, — ^holding these views, 
the conductors of this work maintain this* That, not 
merely for the present, until a national system is carried 
completely out, but for all time to come, what is 
required in the way of a practical education, fitted 
to enable us to cope with the competition now forced 
upon us by nearly all nations, rests with the indU 
workman, combined with the a^ual work of 
the calling by which he gains his livelihood. And 
this homo atudy^ this seff-mstruetion, will not inter- 
fere with, but, on the contrary, greatly aid and 
supplement, such educational help as the workman 
may receive at the hands of the teachers of such 
technical schools as may be established near and 
within easy reach of his residence. And this work, 
which we mnintain rests with the worker or workman 
to do, as his part of the labour which nationally 
must be overtaken — this part of the mutual contract 
which must be made by the two gi^eat parties in- 
terested in this groat question of 
must be carried on in the quiet and privacy of his 
homo. 

And to aid all tliose, whether as apprentices who 
have begun to learn, or as journeymen to carry on 
the work with gimter or less ability and skill in one 
or other of the many branches of industrial work, is 
the aim and object of our work — the very reason of 
its existence. Carried on throughout, on the lines 
originally laid down, after the most careful considera- 
tion and a fair knowledge of the wants and neces- 
sities of the classes who live to work and work to 
live, the conductors, after the experience gained by 
tbe first issue, feel that they are entitled to claim for 
their Journal a practical value of a specially high 
character. It gives in a series of papers the prac- 
tical details of the loading handicrafts and trades 
which go to make up by their production the vast 
wealth of the nation, as well as of the leading arts 
and sciences by which these are so powerfully aided, 
and upon the principles of which their practice is 
based. And this is done in clear and intelligible 
language, carefully divested of all those '^earned 
obscurities of terms and theories ** which tend much 
more to confuse than to enlighten beginners in tbe 
study of an art or a trade. These plain statements 
are aided by a profusion of illustration not often 


attempted, and rarely obtained to the degree which 
our pages display. 

But to aid those who are determined to devote 
their sptu’e hours, or a large portion of them — for 
wise rocimtion is as much a duty as study, and 
rightly carried out gimtly aids it— to the work of 
Self-Instruction at Home^ always satisfactory both in 
its mental aspects and in its pecuniary results, the 
conductors of the Industrial Self- Instructor have 
had closely in view throughout its pages that mode 
of treatment of the subjects which, while it gives the 
reader a clear insight into its details, compels him, so 
to say, to think cmd ohaeroe for himself The value of 
thought, of viewing a subject all round,” and the 
almost equally valuable habit of a close and intelli- 
gent observation of facts and circumstances bearing 
upon the points, cannot be overestimated. All tbe 
points here involved in thus thinking and observing, 
and of the highest import to tbe student at Aoms 
busily engaged in the work of self-instruction^ will be 
found fully detailed in the paper in the text entitled 
‘‘The Workman as a Technical Student; How to 
Study and what to Study,” to the attentive perusal 
of whicli the conductors of this work feel bound in 
duty to invite all of the readers engaged in self- 
instruction. 

In strict uniformity with the great principle upon 
which the Industrial SELP-lNSTiiuoToa is based, in 
addition to the important points above named, the 
conductors would here draw attention to another 
point which has a very marked influence of a highly 
beneficial kind upon tlie successful work of self- 
inatruciim at home. This is the cultivation of those 
habits tbe observance of which are not only essential 
to secure success in tho study, but also success in life. 
What these habits are, and how they act and re-act, 
alike upon the prosperity of working life and the 
j>erfection of home study, the reader will find fully 
detailed in the paper above referred to — “ The Work- 
man as a Technical Student.” And throughout those 
papers dealing with actual work, especially in the 
branches of what is colled “construction,” the im- 
portance of attending to those habits above referred 
to will be clearly noticed, and is always implied, 

But while the Industrial Srlf-Inhtruotor fob 
Home Study is designed to be spociiilly useful to 
tliose actually engaged in daily work of one kind or 
another, its very title indicates that it will be useful 
to the younger branches still at school, and equally, 
though in a different way, to that wide class l^own 
as General Readers. 

What has now been stated is sufficient to convoy to 
the reader a fair idea of the character of our im- 
portant work, the nature and wide extent of its topics, 
the spirit in which the papers are written, and the 
profusion with which all are illustrated. 
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Introdnetoiy. 

We are euentially a nation of industrial workers. England 
has been called *'The Workshop of the World.” This de- 
scription is emphatically true. It was our factories alone 
which for a long time clothed all the peoples of the globe^ 
our iron and steel works which gave them their metals^our 
machine-shops which furnished thorn with their machinery, 
tools, and varied appliances. We for long, then, held the 
absolute monopoly of the world’s work. We hod no com- 
petitors, nor dreamed that we ever should have. But at 
length other nations have entered into a keen and close 
competition with us. But though this be so, and to a greater 
extent than many are willing to admit, it is still our country 
which is pre-eminently the grand workshop for all peoples. 
We are still the chief producoi's of the infinitely wide variety 
of objects, which minister alike to tho material necessities 
and to the luxuries of varied populations In every quarter 
of the globe. It is our sbi{^~a vast fleet of sailing and 
steam vessels— which cany them to each and bi'itig back its 
raw products, which with our manufacturing skill we convert 
Into objects of tho highest value. 

In endeavouring to account for this position which places 
us pre-eminently tho flrst amidst the workers of the world, 
some writers have named one reason, some another. But 
it is not to one cause, but to several causes— and those of 
varied, but all of great, importance— that must be attributed 
the marvellous success which has hitherto placed us in the 
very front rank of nations as producers of all which man 
requires. Those causes still minister to that commercial 
wealth and commanding influence which makes us the envy 
of less-favoured peoples. 

While it is true that we owe much to our isolated position 
—that silver streak” which draws round our island home 
what some liave called a cordon of safety”— It is truer still 
that wQ owe vastly more to elements which are connected in 
the closest degree with our Individual or national character* 
istiOB. 

FeouHarlties of English Work. 

We are, as a people, not only indomitably industrious, but 
persistently persevering in all we undertake in the way of 
piraotical work. We have, moreover, a national taste for 
** adventure” which makes our enginoori, mechanics, builders, 
inventors, our commercial men, and our tradesmen as bold 
in entering upon unknown and untried schemes as those 
hnve navigators of old who discovered, and those soldiers 
who won for us and kept against the arms of the world 


that empire of ours on which the sun never sets. Wo are 
however, above all, a people having a natural taste for 
construction of all kinds— for what is popularly called the 
** making of things,” And this lies at the base of almost 
every kind of work which has to bo done. We are specially 
a meohanioal people, as all colonising, adventurous peoffloi 
are ; and above all thia-and In this lies the main secret o! 
our BucoesB— we are pre-eminently a praotioal people. We 
are none the less bold, though, in scheming or thinking out or 
looking for new fields of work. But in this scheming we 
scheme for a practical purpose. The aim and object of all 
our projects— however imaginative or sanguine they may at 
the outset appear— is that we shall make something out of 
them: in other words, that we shall make them *‘pay.” 
Primarily, as giving us something useful in every-day work apd 
life as individuals ; secondarily, something which ^ neoessity 
becomes practically useful to mankind in general 

Foreign Oompetition with English Work; 

But while all this— and more than thU, which might be 
named if space permitted— has done so much for us in raising 
us to tho very flmt position as a wealthy and powerful people 
we have nevertheless been but too apt to believe that our 
system of working was perfect. And further, that competi- 
tion from any quarter was a very unlikely thing to take its 
place OB a power which might one day lessen our trade and 
injuriously affect our commerce. Notwithstanding, It has 
been in the minds of many practical and business mon for 
long, that while we have been pre-eminently successful in 
the mMng cf a itmthct to which all the world (!amo as 
customers, wc might some day find that wo had a difllculty 
to hqi it. 

Nor was this conclusion much to bo wondered at. We have 
carried on— at least for a long period of years— a business 
which could in no sense 1)0 culled secret or close. In tho 
opinion of many, wc have, indeed, if anything, been somowha 
too free in our tcacliing to other and foreign ” peoples "tho 
“ mysteries of our crafts.” Nor have wo been loss slack In 
supplying them witli the very machinery and appliances to 
do tho work tho invention and j)oss 08 sion of which for a long 
time gave us tho exclusive power to make “all manner of 
things” for Iho markets of tho world. But wo have gone 
further than this, We have taught, and from the point of 
view of our own interests i aught but too successfully, others 
to do tho work which at ono time it was we alone who could 
practically compasa We have also given them the use of our 
most skilful workmen, of our ablest managers. Wo have In 
these and in other ways directly and practically in one sense 
educated the people of other countries to he our opponents 
or rivals in pro<Iuct!oti. 

All this Ims very powerfully aided tho desire which other 
nations naturally had, to produce for themselves those goods, 
for their almost complete supply of which they had for years 
been compelled to come to us. And, In proportion as they 
manufactured for themselves what they bad before houghs so 
did they obviously require less from us. 
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But, not content with iliis qualified benefit, gome nations 
have gone very much further. They have entered into a 
competition with ns in order to wrest from us the trade of 
supplying peoples other than themselTCs. Bo keen has this 
competition become— with such audacity, so to say, is it carried 
on— that foreign manufacturers not only make goods for 
their own domestic supplies, but absolutely send them also 
for sale to our own markets. This, moroorer, is done in 
many cases at prices with which we, with our high wages, 
cannot compete. Bo that the singular spectacle is afforded 
us of having, at our very doors, strong competitors with us 
in the production of goods of which we, at one time, were the 
only makers. And these come from countries which but a 
few years ago comparatively, were wholly dependent on us 
for a supply of these very goods which they can now make, 
and make so well as to bo no mean rivals with us in our 
trade. 

Some amongst us make light of these facts. But If their 
results are not now positively diiastroua, they at all 
events, suggestive of a time coming when they may be so. 
And this, as some of our best authorities fear, to an extent 
not dreamed of even by those who habitually look to the 
gloomy side of things. But while by no means desirous to 
exaggerate either the nature or the extent of foreign com- 
petition— which we, as makers of all objects, are now face 
to face with— the wisest amongst us fed that it is too grave 
in its aspects to be set aside as a matter of no, or but of 
comparatively little, moment. Ono fact is certainly grave 
enough to make us as a nation consider seriously our position 
in this matter. In foi'cign countries, where but a few years 
ago a factory or workshop making the some objeots we then 
almost exclusively mode, could rarely and only at long dis- 
tances apart bo met with, there are now such places by the 
score. Whole towns and districts are in fact now occupied— 
and in many of them there are gigantic establishments— in 
the production of the very goods in the making of which we 
had that complete monopoly to which we have already 
referred, Nor can wc easily arrive at any other than the 
logical conclusion, that precisely in proportion as foreign 
countries can supply themselves with the goods wo formerly 
made, so will this affect — and in proportion lessen— our own 
production, But more than this : for in addition to a less 
than usual demand for certain classes of goods, wo have to 
lace the fact that some trades are leaving— some have almost 
wholly left— us, and arc being now carried on largely, if not 
almost exclusively, in foi'eign countries. 

Oharaotir and Extent of the Foreign Competition which 
English Work now meets with. 

Those who have had oppoitunitios given them during the 
last thirty years or thereabouts— to go no further back— of 
visiting various districts of the Continent, must have been 
struck with the truth of the statement mode in our last para- 
graph. And if proof other than merely ocular, generally or 
practically, or as the result of more protraotod observation 
and Inquiry, were needed, it can bo had, and of. the most 
etilking and suggestive kind, in the evidence colleetcd from 
all sources, and those the most trustworthy, by the Boyal 
Oommlssioners appointed to inquire into the whole subject of 
Technical Education, and whose report was issued at the 
time we were concluding this General Beview for press. It is 
idle, and worse than idle, to exaggerate or overestimate the 
importance and extent of the work done in foreign countries, 
which, as having at one period been done absolutely exclu- 
sively by ourselves, is therefore practically lost to us. But 
it is equally idle, and much worse than idle, foolish in the 
extreme, to treat this foreign competition as a matter of little 


moment,' or as if, possessing at the present time a power 
which does bring about a loss to us, this power is In its nature 
only ephemeral, — so much so that it will in time be greatly 
overcome if not done wholly away with, when we shall once 
moi^ resume our old position as the soh^ monopolisers of 
technical and industrial produce. It would seem absurd, look- 
ing at men and the circumstances surrounding them as they 
SIC met vrith in actual life, to take this latter easy-minded 
view of a matter of such vital interest to our country. Never- 
theless, this optimist view, ‘^whatever is is best, "is held by 
many amongst us, and gives rise to that positive indifference 
which forbids a wise oonsideration of what the evil really is, 
and that practical neglect which prevents all attempts to 
get rid of it from being earnestly made. But it is fortunate 
for the nation that others, more important In point of inflow 
cnoe If not in numbers, ti^e quite another view, and do not 
ignore the facts which are before us, showing how great the 
evil is and what the extent to which work is done by foreign 
countries, which at one time we had, as we have already 
observed, the practioal monopoly oL We have said that 
these facts have, to a greater or less extent, been long known 
to those who have an acquaintance with the droumstanoes of 
foreign countries. But they have been enormously added to 
by the labours of the Boyal Technical Oommlssioners, to 
which we have above referred. Those have been formulated 
with such care, and recorded in the pages of their report in 
such a praotloal way, that the whole will form a text-book, 
so to call it, which will be a trustworthy guide to all those 
who desire henceforth to help forward the progress of National 
Teohnioal Education. 

How startling the array of facts thus now at hand bearing 
upon the work actually done by foreign countries, espeoiaUy 
by those which are our near neighbours on the continent cd 
Europe; and how great the loss which aoemos to our country 
through a competition which, lessen 'it as we may in our 
estimation, must of necessity injure us as a nation of workers, 
a glance at some of the facts recorded in this Boport of the 
Boyal Technical Oommisslon will clearly show. We have 
said that there are those who have made light of this compe* 
tition, if they do not still treat it easily ; others with sounder 
reason have feared that it might be even of greater import^ 
once than such facts as were up to the publication of the 
report at command would imply. But the wider array of 
those which the labours of the Boyal Commissioners have 
made public, have had this result— that the extent of the 
technical and industrial work done in Continental countries 
-in other words, tlie practical ootnpotltion they cany on with 
uB^is proved much greater than they (the Oommiasioners) had 
reason to expect from such evidence as they possessed prior to 
their investigation being entered upon. The evidence they 
give in their report is of the fullest, and from this point of 
view eminently satisfactory. But from the practioal or trade 
point of view, as it concerns us as producers, it Is anything 
but satisfactory,— on the contrary, the facts are calculated to 
give us great and grave concern. An admimbly concise and 
clear summary of those facts is given in a recent issue of the 
leading journal, the which wo cannot do better than 

reproduce hero. The modem industrial establishments of 
France, Germany, Belgium, and SwitEorland ate perfect in 
their kind, Machinery for various purposes, which is not 
excelled by our own, is produced on the Continent. In 
certain products requiring an intimate knowledge of organic 
chemistry— as in the preparation of artificial colours from ooal 
tar, and in some new chemical processes— as in the applica- 
tion of strontia to the manufacture of their sugar (beet-root), 
Germany has taken the lead. Gramme's dynamo machine 
gave the first Impulse to electric lighting ; turbines perfect In 
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d«fl!gtt and execution ntiliae the water power of Switzerland ; 
the German railway bridges and roofs are marrels of strength 
and economy of material, thanks to the mathematical know- 
ledge of the German engineers, acquired in the Polyteohnio 
School ; and as regards the sinking and ventilation of deep 
mines, new methods or inventions have been perfected in 
Belgi um. Mulhousc is pre-eminent In the production of cotton 
prints of the most tasteful design and the most perfect execu- 
tion. Lyons excels in hand-loom silks of the mo^ expensive 
kinds, and in dyeing and ftnishing tissues of the same material. 
Woollen yams are spun at Terviers, from South American 
wool, and exported to Scotland. Basle has monopolised the 
trade in ribands ; Crefeld is In a fair way to do the same in 
velvets ; and Chemnitz is not satisfied with supplying the 
world with cheap hosiery, but is manufacturing n^ed fabrics 
of wool, cotton, and jute for the markets of Europe and 
America, The finest merinos manufactured at Bheims are 
supplied to every capital, London not excepted. Bailway 
material of every kind is sent from Germany to Spain, and 
from France to Italy ; steel rails are exported from Belgium 
and Westphalia to every part of the globe." 

Suggestive, and in many respects ominous, as this long 
list is, it would be easy to make it longer still, for in almost. 
If not absolutely in every department of toohnical and indus- 
trial work, foreigners are competing with us. And. if in this 
view we extend the field of inquiry to take in what are called 
minor trades, we find the same element of a direct competition 
with ns, and which is more or loss successful, carried vigorously 
on. Wo need not take up space by citing many examples 
of this, but as sufficiently illustrating the point, content our- 
selves by referring those who have the opportunity to make 
the inquiry, to the points connected with the supply of 
cutlery in Continental countries, say France, as it now is, 
and what it was not so very many years ago. At that period 
the only cutlery valued was of English manufacture, and of 
the trade we had the monopoly. But let an honest inquiry 
be made into the matter, and it will bo found that now we 
neither possess the reputation of good makers, nor the mono- 
poly which wo so long enjoyed. The more widely the area 
of the field of inquiry is ext^ded, the more unsatisfactory to 
Cs as producers will bo its result-^as showing that in many 
departments of Industry of .which, in times gone by, we were 
the undisputed masters, alike as to ability to produce the best, 
and in the markets which we monopolised, our position is in 
many cases already wholly, and in others is being very rapidly 
ohanged, 

iome Business Considerations oonnsoted with the Foreign 
Competition with English Industrial Work. 

Taking even the most favourable, or the most indifferent 
view of such facts as we have now named, and of others as 
powerful in their way, which we have suggested, we confess 
that it is not easy for any other oonolusiou to be arrived at 
than this : That if foreign peoples are supplying their own 
home markets w^th the goods of which wo at one time were 
the only producers, just in proportion as they succeed in 
making what supplies their own home demand so must they 
require less of what we produce. And if, in addition to pro- 
ducing for themselves, foreign nations enter into the fields of 
trade existing in distant countries, of which we had also at 
one time the complete monopoly, thus closely oompoting with 
us, just in proportion as that competition Is suoocs^ul so must 
the extent of our supply bo lessened. Now, such ia our 
condition in relation to foreign oountries. And although it is 
not easy to state precisely in how far this condition brings 
about the lessoned business which we now do— >in how far it 
Is the cause of slack times in our manufacturing districts, 


leading to “short time” in our factories —it must be admitted 
that all this is more or loss Infiuenced, and that injuriously, 
by the competing traders of foreign peoples. To those who 
have had, and may now have, opportunities of travelling 
much abroad, and who moreover have at least a fair, if not 
a full, knowledge of technical and industrial tratle, it Is, we 
think, somewhat inconceivable, after thus seeing wliat those 
peoples have done and are doing in the way of establishing 
faotoiics of all kinds, many of them as complete and large 
and some vastly more gigantic and complete than our own, 
that any one should conclude that all this docs not concern 
US as producers. 

Of the many Englishmen who have gone through the 
manufacturing districts of the Continent, and have visited 
some of its most interesting examples of fields of special 
work, a feeling has ever been predominant in the minds of 
the thoughtful amongst them, which has found expression 
in many ways, but which may here be illustrated in some 
such questions as these : “ Hero are workshops and factories 
numberless, employing daily large bodies of hmida in the 
making of maohinoiy of all kinds, in the manufacture of an 
endless variety of goods, of the system and the appliances of 
which we were the originators, or inventors, and of the 
products of which we were at one time the only makers 
and the only sellers. What is the reason— if there bo a reason 
—why we have allowed all this trade, the employment of 
thousands of people, and the oxpeudituro of millions of 
pounds, to slip, so to say, *from between our fingers*? Or 
how comes it that we have allowed— if it bo that wo have 
permitted it — the very peoples who were at one period in their 
history, and that not so far distant, obliged to come to us to 
be supplied with the varied products of our national industry 
—just as mtich compelled by circumstanocs as were the 
people of Syria in olden times to go down to buy the ' com in 
Egypt ’—to enter the field of production of which we at one 
time were the solo poBsesBurB?” And following upon iheso 
questions, full of most grave suggestions, have come others, of 
which the following may bo taken as an Illustration : “ Seeing 
in the various districts of the Continent wo have witnessed 
abundant evidence of the, to us painful, fact that all this work 
has $omchow slipped from our fingers, is there no way by 
which we can get it back again 7 Or if that bo not possible, 
have wo no power nationally to prevent other trades following 
in like fashion— to keep what wo have already got?” It 
is just the frequency with which such or the like qucBtions 
liavo been of late years asked by far-seoing and j)rudcnt men, 
who have had opportunities of seeing and knowing what 
foreign peoples have been doing, and have done, to take from 
us, or largely exorcise a power of proiluction which we for 
long held to be our own exclusively, which has given such a 
prominence to the question of Technical Education. I'his, no 
doubt, has been also greatly i)rompted and promoted by the 
too frequent recurrence of “bad times” in our manufacturing 
districtB, or of slackness or dulncss of trade in one or other or 
in all of our producing branches. And such questions, In 
place of being likely to die out— the fate of so many questions 
of public interest in times gone past— are by the very ciroum- 
Btances of our times, and i)osltlon os producers, almost certain 
to be put forward with increased and increasing energy, 
demanding to be heard and thoroughly Investigated to see if 
there bo a favourable answer possible to them. 

No doubt, in this, as in all other questions of public or 
social intorcst, extreme views in cither and opposite directions 
are sure to be taken. We have the view of optimism, or that 
which believes all things to be the best and for the best ; on 
the other hand, that of pessimism, or that which holds that 
all ii bad and will sure to be worse. But in this, as in most 
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oiiai, the middle oonne between ihoee two extreme oonnes 
ii mneh more likelj to be the joet and the acomate on^ 
We are of those, therefore, who, refnaing eqnellj to take an 
altogether Toee«oo1oured tlew of the sLtnatlon, or a wholly 
dark and gloomy one, bellere that while there il iiuragh In 
the aetoal position of our technical trades to make ni panae 
and roue u to seriou thoughts of the gravest kind, th^ la 
also enough to give more than the mere gilding dt hope~ 
which is often delusive and not always realiaed^a pretty 
fair amount of certainty that better times for u are in store* 
Ihe belief that we still as producers hold a power of which 
no one can deprive us, If only wc determine that no one shall 
^ power which can enable us not merely to hold our own, 
that which we now possess, but tightly exercised will or may 
enable us to recover much of what we have lost, to regain 
that which wo at one time possessed— may still be held by u 
as justified by present circumstances* 

What is this power? The reply to this carries with it 
matter of momentous interest to us as a nation of workers, 
and with it moreover— indeed, of necessity— much bearing on 
the general subject of this Review. A brief inquiry into its 
nature will therefore be of great utility here. 

The High Talus of English Oonstmotive Work. 

Those wlio have had opportunities to institute a oomparlaou 
based upon personal inspection and practical investigation 
between technical and industrial work os earned on in this 
country and the different countries of the Continent, have, as 
a rule, arrived at the following conclusion. They have had 
abundant evidence from many districts of the Continent to 
how great an extent trades and manufactures are carried 
on, which at one time were practically monopolised by this 
country. Some details of this wc have already given. They 
have seen numerous machines at work, which rank high as 
examples of mechanical design, while possessing considerable 
merit in point of construction. Tliose machines, and various 
appliances which arc used in conjuiictlou with them, forming 
part of the system of general work, jvre the direct products of 
Contiricnfol machinists, Rut in pushing inquiries further 
they are found to l)e nearly in all cases basal upon machines 
which originated in this country, were invented by our own 
maclilnists, atid owe all the excollonce of their original 
working ca|)abllilios to the way in which they were constructed 
by them. This hy every investigator well acquainted with 
certain specialities is seen at a glance, and is what Indeed 
might have been from the first anticipated, seeing that tho 
trades and manufactures to which they are subservient this 
country first originated, and of them we have hod a long and 
absolute monopoly. In other eases, and over wide districts, 
the machines tiscd ai‘e found not only to bo of British design 
or invention, but also of construction, having been supplied 
directly by our own machinists. But in all such cases, 
the one feature which stands prominently forward is the 
superiority which such machines possess, not only in point 
of tho materials employed In their construction, m their 
thorough stability or capability of long endurance in working 
and tho precision with which their work Is done, but in the 
high mechanical finish of tho whole. fSo prominent are all 
these features, that in works and factories in which mixed 
machines are inoporaU‘)n, tho product partly of Continental, 


partly of British maeWnlits, where any partloalAr machines 
or olM of machines are noticeable for their effleienoy and 
workmanlike design and finish, they may with oonsidwable 
omrtaintj of aoemoy be declared to be the product of British 
maohini^ either In design or oonitruction, or in both. This 
may not be so true now as it was butaihort time back, lor 
snoh hM been the determination of foreign mschlniite-ia 
(hrmany perhaps more espeoiBlly-^o come np to the high 
standard of British work, that, not content with copying 
design, they have in many xespeots come up close to us in 
accuracy and high finish in oonitruotioii. But this Is, at 
present at least, exceptional. The same peculiarity runs 
through all branches of maohine^xnaking, the machine tools, 
or maohlnei which make maohiues, and' in all classes of 
prime motors by which machinery of every class is driven 
or set and kept in motion. Nor is this peculiarity, which 
distinguishes all British work in machinery and mechanical 
appliances, less characteristic of other blanches of our technical 
work— more especially those which come under the head of 
Building Oonstruction, and the cognate arts connected with 
what may be called the interior furnishing of struotures of all 
kinds. 

fraotioallty, the Oharaoteriitie of English Teohnioal 
and Industrial Work. 

In instituting a comparison, then, between the features of 
English and Oontinontal work— taking It all round— that 
feature which stands prominently forward os the pre-eminent 
characteristic of English work is its thorough *‘piaotioality.’^ 
We have glanced in the briefest fashion at some of the 
developments of this. This skill in construction, aided as it 
is by originality in mcchauioal combination, or by what 1» 
otherwise called the inventive faculty, and which is also a 
characteristic feature of our countrymen, constitutes tho 
“power*' by which, beyond all question, wo first gained our 
proud supremacy as the producers of tho world, aided, as it Ig 
scarcely necessary to say, by our national habits and per- 
sonal pcouHarities, as well as by our favourable national 
circumstances. And this peculiar gift has, us we have seen, 
been made applicable to every kind or class of handiwork 
or of productive Industiy. Other nations excel us in the 
design and the details of execution of what is called 
“ artistic” work ; they can compote favourably with ns in the 
matter of wages; they possess in many districts, equally with 
ourselves, all the material helps which are essential in 
mechanical and industrial work ; but in tliis essentially valu- 
able feature of “ practicality ” we distance them all. No one 
has been bb yet able to wrest from us this power, although 
other peoples have developed it to so high a degree of com- 
parative perfection that it has given rise to the gravest of 
doubts in many minds os to whether we shall much longer 
continue to maintain our supremacy as tho practical workers 
par exorllem of tho world. Wo are, however, of those who 
prefer to believe that wc can maintain this supremacy, Wa 
must, however, determine that we shall do so, and not grudga 
any effort required of us ; least of all withhold through 
miserably mistaken notions of economy that pecuniaiy outlay 
which will be necessary to enable the workers of tho future 
to be helped to the fuU by all those aids which science and art 
can bring to thorn. 
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TEE OABPEFTEB AEB HZB XEOHEICAL WOBX. 

iTfi OBiaiN*AKD lABLT FbOC^BBSS— THB PBINOIVLIS 
AKD DBTAILfi OF 1TB PEAOTIOI. 

OHAPTBE I. 

IntMdnotorj. 

Thb oajpenter olaima for hia calling, that if not the 
oldeat, it is the most honourable of all, In the guild 
and other proceseiona of the middle and the succeeding 
ages, and still in modem imitations of them, of which 
those got up with admirable vraiamhUmoe^i the f6tea 
of some of the leading Continental cities, especially of 
Belgium, are remarkable examples, the carpenters 
took the first place, claiming this in virtue of the 
sacredness given to their tiade by the fact that our 
Saviour himself worked in a humble carpenter’s shop 
in old Judeea, The necessities of shelter from the in- 
clemency of the weather, or of protection from burning 
sun or chilly wind and rain, would compel man to put 
)\is wits to work, in order to devise the best means 
of securing it. At first the oaves and holes of earth, 
the shade of overhanging clif and rock, or of some 
socluded spot in bosky wood or dense forest, would 
suffice to meet liis wants. But as his numbers in- 
creased, and with them a desire, if not for higher 
personal comfort, at least for greater security against 
marauding foe or plundering neighbour, special 
structures would bo erected, Ihese, if not possessed 
of much that would add to the personal comfort of 
their inhabitants, and far from coming up to even an 
approach in accommodation and construction to the 
poorest of our huts now, would at least have the great 
advantage of sheltering from the roughest of the 
winds or the heaviest of rains; and the then still 
greater advantage of sti'ongth to resist attack. 

Timber the Xarlieet Material need in ConitmotiQn. 

The very abundance of timber, in those early 
days when lands were covered to a great extent with 
forests, would naturally attract attention to it. It 
was moreover the easiest to bo used for coustruotive 
purposes, for it was met with in as wide a variety of 
shapes as in that of dimensions. And there is little 
doubt that the first habitations of men were composed 
of branches of trees roughly put together. But 
It was long before the art of working in limber 
had so far progi«ssed that large and imposing struC' 
tures could be erected with it. We can, without a 
great stretch of imagination, conceive of its gradual 
progress. At first, tools being of the rudest (possibly 
sharp-edged fiint or shell for cutting, and heavy 
stones for breaking asunder) the veiysmaJJest branches, 
mere twigs, would be used; the interstices between 
them, fitted up, as they would be, in roughest fashion 
to form a shelter, being filled in with the smallest of 
twigs, or even leaves possibly, plastered ever with mud 


or day. But with better toob and growing skill th» 
branches of trees would be severed from their parent 
stems, and these planted aa posts at wider intervals, 
would give points of support, between which smaller 
branches would be plao^, ond between these the* 
intertwined twigs and leaves as before. It would 
some time before the huge trunks themselves could be* 
made use of. No doubt, long before axes sufficiently 
sharp and strong to sever them could be available^ 
fire was used to level the lordly trees of the forest 
to the ground ; possibly also for long to separate 
them into manageable logs or lengths. Bui when 
tools capable of dividing, as saws, of cutting or slicing, 
as axe or adse, came to the aid of man, a new era in 
the art of working in timber would be opened up to 
him. 

Tooli tiled by the Carpenter. 

The tools of the carpenter ai^ but few in number, 
and to a great extent o( extreme simplicity of 
character, as compared with the tools more or less 
elaborate in make, but in number considerable, which 
the requirements of some of the mechanic^ arts 
demand. But few as the tools of carpentxy are, they 
have a history which, if only known to us in its full 
development, would be seen to be full of most sug- 
gestive incidents and of pnicticiil value withal. But 
of this wo may be sure, that the progress of the art 
would be dependent on the progress of tool-discovery 
and tool-making. At first the work of tho carpenter 
would be of the simplest; his tools by which that 
work was, so to express it, bounded or limited, being 
themselves of tho simplest. Tho smallest-sized timbers 
—or rather, as we should say, trees — would be dealt 
with, — long, indeed, after the rudimentary struc- 
tures we have already alluded to, which would l)e 
more correctly called mere booths, or arbours to use 
the popular term, were replaced by erections which 
could he classed under the more imposing ntimo of 
structures. But those could not be made without 
tools. Tools, therefore, would bo iiivente<l; and, as 
we have said, would naturally at first bo of the 
simplest and lightest character, which could only do 
the simplest or the lightest of work. The subject of 
tools will be treated of under a special head, so we 
leave it for tho present and pass on to 

Carpentry ai a Oonitniotivi Art. 

Considered as a purely constructive art, carpentry 
differs from masonry, the chief work of which consists 
in providing structures of stone for the shelter and 
convenience of man as much by the nature of the 
materials which it employs as by tlie method of 
employing them. In stonework the stones are 
generally placed in horizontal layers the one above 
the other ; their weight if they are out, and the use 
of mortar if thqy are rough, or if there axe any 
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imperfeotians in cutting to be remedied, giving tbem 
the neoessary stability. Thus are formed compact 
strong walla, broken only by such openings ae are 
rendered neoessaiy by the nature of the building. In 
putting up timber-work, on the contrary, a greater 
or less number of squared and properly out pieces of 
wood, which can be inclined in any direction, are put 
together in such a way that the end of the one rests 
on some point of the length of the other, lending each 
other a mutual support. The pieces or members thus 
form light divisions, which have the advantage not 
only of great stability, but also that of being rapidly 
constructed; while the whole structure possesses a 
lightness which is sometimes necessary, and which 
stonework does not give. It is thus that the carpenter 
erects with remarkable rapidity houses and buildings 
of all kinds ; that he divides them into stories in the 
simplest manner ; that ho builds bridges of all sises ; 
that he covers the largest buildings; and that his 
results, often preferable to those obtained from another 
kind of construction, are generally loss expensive. 

Some teohnioal DeflnitioiUi oonneeted with the Art of 
Carpentry, 

In practical phrase we say that the pieces of timber 
forming any structure in carpentry are joined” 
together, and the different methods of “joining*^ 
are in technical phrase called “ joints.” When two 
pieces are placed simply in contact with each other, 
we use the term — used also by the mason in similar 
circumstances of his materials — bedded,” or say that 
they ** butt,” meaning by those terms that the pieces 
of timber merely rest or press one upon another. 
When the pieces are connected by means of projecting 
parts and hollows and grooves the terms above named 
are employed, signifying that they are joined by what 
are called '‘joints.” When a number of pieces are 
so connected firmly together, forming an arrangement 
designed to serve a special purpose, as a floor, a par^ 
tition, or a roof, they form what is called in general 
terms an nsseinblagc,” or more popularly a framing ” 
or “ framework ” ; this having its special designation 
according to the purpose which it is designed in 
construction to servo. And this framing, framework, 
or assemblage, is arranged or designed in accordance 
with the principles of the science which dictate what 
the methods are of securing stability in the structure 
as a whole. Those principles come under the general 
title of the " principles of framing,” 

Proposed Xethod of Treating the General SnbJeot^The Prao- 
tioe of Joining Timbers together, or Joints^The Theory 
and Principles of Framing. 

We thus see that there are two departments of 
the art of carpentry, each of which, while it has its 
leading principle or principles, has also details mox*e 
or less numerous. There are two methods by which 
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the pupil can study the art as a whole, first engagiitg 
himsdf with the principles of framing, or what may 
be called the theory, and by some lias been called the 
architecture of framework; secondly, taking up the 
consideration of the practical methods by which 
the timbers, their position and arrangement, have 
been determined by the design, and this based upon 
the theory of framing, and in practice worked out 
with the various joints deemed i^st fitted to secure 
the soundest mode of construction and the perma^ 
nent stability of the whole. We have taken into 
oonsideration the general circumstances in which the 
majority of technical students are placed, and also 
those of many of our readers who are not directly 
engaged in industrial work, but still greatly interested 
with many of its details ; and we believe that we shall 
best meet the wishes of the majority of those two 
classes of readers by taking up first tbe purely manipu- 
lative or handicraft part of the work of the carpenter 
— ^that is, the “ joints ” he uses in forming framework 
or framing — thereafter explaining the principles upon 
which that framing is designed. 

The knowledge of the “ joints ” is very important, 
inasmuch as when we erect timber- work we should not 
put up a single piece, however useful it may other- 
wise be, without seeing beforehand how it will join 
with the others, and how we shall be able to work it 
out or practically execute it and put it in its place. 
Unless we do so, the projected framework would be 
impracticable. An assemblage of timber or frame- 
work, however complicated in appearance and however 
numerous be the pieces of which it is constituted, is, 
so far as the department of joints” is oonoorned, 
always reducible to two pieces. After being joined 
the two pieces are then to be considered as one ; and 
if a third piece bo added to tliis, it does not constitute 
a joint of three pieces, as the pupil might at first 
suppose, but is obviously a new joint, and of which 
the feature is as said above — that is, of two pieces* 
The first piece, composed say of a and b, makes the 
one piece which we call o ; the third piece, denomi- 
nated D, makes up the assemblage ; but so far as the 
joint ” is oonoemod of n, there are, strictly speaking, 
only two pieces, o and n. All joints, therefore, require, 
and only are concerned with, two pieces. It is the 
combination of pieces which form an assemblage or 
" framing,” although parts of this may be made up 
of two pieces " joined,” or of single pieces of timber 
only. The reader will perceive, therefore, that the prac- 
tical work of carpentry — ^that is, the handicraft skill 
of the carpenter — consists, first, in joining pieces con- 
sidered as simple members, and second, in arranging 
those different members so as to form a framing or 
framework; this form being dependent upon the 
character of the office it has to fulfil, or the purpose 
for whidi it is designed. And, as we have already 
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flaid, in deeigning thia framework or aesemblage of 
eingle pieoea or members^ an aoqnaintanoe with certain 
physical facta ia desideiatedi and a knowledge of certain 
mathematical principles and geometrical conatmotions 
ia further necessitated to make these facts aTailable. 
This part of the subject may be called theoretical 
oatpentiy^ and its features will be explained in due 
course in this series of papers, which concerns itself 
with carpentry as a whole. It might perhaps have 
been a more logical method to have considered the 
subject of theoreticol carpentry in the first place, 
thereafter taking up the oonsideiiition of the methods 
by which the requirements of theory are met by the 
details of practice. But on due consideration we have 
deemed it most likely to help the pupil, whom we 
suppose to be for the present ignorant or nearly so 
of the subject, to arrive at a rapid knowledge of its 
practical details and principles or theory, if we take 
the details first. In illustrating and explaining these, 
much will be given by us, and we hope much will be 
acquired by the pupil, which will bear upon the theory 
and make its various points to be more easily under- 
stood by him. Having by this method of dealing 
with the whole subject a knowledge of w^hat may 
bo called the handicraft part of the work, ho will be 
able to give, as it were, a concrete form to much of 
the abstract reasoning involved in the expknation 
of the theoretical piinciples upon which framing or 
framework is based. The first department, tlierefore, 
to which we dii^ect the attention of the pupil is that of 

Joint! and Tarions Points oonneoted with them, treated 
of in a number of Conieontive Paragraphs; Oenoral 
Oharaoter of Joints. 

When two pieces of timber are to be joined, the 
relation they have to boar to one another determines 
the characteristic feature of what is technically called 
the “ joint.” First, the pieces may be at right angles 
to ea(^ other, in which case the joint is called a 
square joint; or the pieces may be so placed in 
relation to one another that the one is placed at an 
angle to the other, when the joint is said to be oblique, 
or is sometimes designated as a mitre joint, although 
this last-named joint is one of a special character, 
more closely relating to the work of the joiner than 
that of the carpenter; some of the work of the 
joiner overlapping, so to say, that of the carpenter, 
and vice vertd* The exact character of the term mitre 
joint will, therefore, be explained and illustrated fully 
in the paper entitled "The Joiner"; for, strictly 
4Bpeaking, a mitre joint is one in which the angle is 
invariable, and is used to join pieces which come under 
the first categoiy named above^that is, of pieoea at 
right angles to other. In addition to the joints 
for pieces or members at right angles and those 
oblique, there is a third class in which a piece, con- 


stituting a smgle timber, is made up of two stouter 
pieces, the conjunction being formed by a particular 
class of joints. We have thug three dosses of joints 
to consider ; and of these we take up the first, which 
ooncems itself with two pieces, one at right angles to 
the other. But before proceeding to toko up the 
systematic description of the classes of " joints " and 
the numerous varieties under eaoli class, we shall give, 
as introductory to the general subject, illustrations of 
what may be called representative or typical forms 
of joints under the dassea we have named, together 
with sundry considerations connected with the general 
subject, and some remarks as to the wny in which the 
joints were introduced, or, as %ve miglit put it, invented 
or discovered, 

Baprsieatstlve or Typical Forms of Joints. 

Fig. 1 represents the two simplest forms of the 
square joint named in last paragraph, in which the 



Fig. 1. 


piece a, or member, is at right angles to the other, d. 
This will be described in detail vvhen wo come to the 



Fig. 2. 

systematic consideration of all the classes of joints 
with their varieties. A much higher variety of joint 
of this class is illustrated m fig. 2, which represents 








■m 


the double variety of the moat important of all joints 
of the dass, known as the mortise and tenon joint, of 
which more hereafter. In %. 3 we give another 
variety of ** squore joint/’ in which one piece, as a a, 


is horizontal and jointed to the other piece, 6 b, which 
is vertical, at a given point of its length or height. 
This illustrates the form of mortise and tenon joint 
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known as the dovetail mortise and tenon* In £g, 12, upper diagram the oblique member or piece c termi- 
Flate VII., the reader will £ud another illustration of nates at the outer edge of the piece dd. In the lower 
this class of joint, in which the king-post a is joined diagram the oblique piece t i crosses the other piece 


at right angles to the tie- 
beam b. More forms of 
joints of this variety will 
hereafter be illustrated* In 
those three varieties of the 
first class of joints, or 
^‘square” joints, figs, 1, 2 
and 3, and fig. 12, Plate 
VII., one of the pieces is 
horizontal, the other verti- 
cal ; but in fig. 4, while the 
two pieces are stUl at right 
angles to each other, the 
piece called the “ wall 



<3 ^ c ” - 



Fig, 0, 


A; A;, BO as to extend on both 
sides of it. In Plate VII,, 
in fig. 6, an example is given 
of an oblique joint in which 
one piece, the collar beam," 
^as a a, crosses horizontally 
the oblique piece, namely 
the ^‘I'after” 6 6. We now 
give illustrations (figs* 9, 
10, 11) typical or repre- 
sentative of the third class 
of joints, in which a long 
piece — considered as one 
member— is made out of 


plate," as 6, runs at 
right angles to the 
line of << tie-beam," 
a a* Pig, 6 is another 
example of this variety 
of joint, in which the 
piece or ** flooring 
joist," 0 0 , crosses the 
sleeper" plate a at 
right angles, but both 
are horizontal. Of the 
second class of joints, 
or “oblique joints,* 
we give an example in 



two shorter pieces. 
This method of joining 
is known generally as 
scarfing," The sim- 
plest form of this class 
of joint is that known 
as the “ half lap," 
illustrated in fig. 9. 
Fig. 10 is a true scarf 
joint, and fig. II 
another example. All 
the practical points 
connected with these 
joints and with other 


fig. 6, in whicli tho 


Fig. 10. 


varieties, of which 


piece or “ strut ** or “ brat^e ” 
€ or ^ is oblique to tho vertical 
piece or “ queen-post '* a a or 
g g. In fig. 12, Plate VII., 
another illustration of an 
obUque joint is given, in which 
the piece or “ strut '* e is joined 
obliquely or at an angle to 
the piece or “ king- post ’* a a. 



these are the typical examples, 
will be fully descrilied in their 
approprifito paragraphs in 
succeeding chapters, Mean- 
wliile we proceed to offer some 
renuirks on 

The Origin of lointi In the work 
of the Carpenter — Fraotioal 
Point! oonceoted with the 8nb- 


Other forms of oblique joints 
arc shown in figs. 8 and 11 
in Plate VII. In fig, 7 we 
give another exEimple of an 
oblique joint, in which the 
“ strut ** or brace " of which 
the foot joint is at is oblique 
to the “tie-beam" b. This 
will be described in a future 
paragraph. In the examples 



Jeot. 

Although some of the points 
connected with the origin of 
joints are moie or loss con- 
jectural, still there is good 
ground for believing that the 
early work which led to the 
discovery of the joint as a 
feature of carpentry followed 
veiy closely the lines we shall 


in figs. 8, 11, and 12, Plate VII., the oblique piece presently indicate. But apart from other and obvious 
and the vertical piece both lie in the same plane — considerations connected with the subject, the youthful 


that is, their faces are parallel and run in vertical lines, reader will possibly be Jed by what is given to see 
In fig. 8 we illustrate a form of “ oblique " joint in the practical advantages which will accrue to him in 
which both pieces lie in a horizontal plane. In the his after life from thinking out or over the various 
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departments of his work. 0)ie of the shrewdest and 
most practical of our technical authorities has remarked 
that the great task before our industrial workers^ and 
those who are being educated and trained to add to the 
ranks of these, is to learn to think, or in other words, 
to acquire the habit of thought. That tliis once estab- 
lished, there will be no doubt of future and further 
progress, as aids and helps of every kind, either in the 
form of technical classes or technical books, are at band 
to lead the technical workers to ezeroise their thoughts 
in praoticfLlly useful directions. And that there is a 
vast deal of trutli in this dictum of our eminent 
authority, no one wlio knows what practical work is, 
and what workmen are, can have any doubt. Every- 
thing, therefore, which tends to cultivate this habit 
of thinking possesses a positively practical technical 
value. (Sec the series of papers in this work entitled 
“ Tlie Tocjhnical Worker as a Student — What to Study 
and How to Study.'') We proceed, therefore, to the 
subject of the present paragrapli^believing that our 
remarks will not only be practically interesting to the 
tyrO| the beginnor in the study of the art of carpentry, 
but we have some reason to hope that they will be 
of some suggestive worth to those who, while they 
are well acquainted with both its theory and practice, 
have not as yet attempted to trace to its origin the 
method by which both were arrived at, and by which 
the early labours of the cariienter wore raised from 
the position of more matter oi handicraft skill and 
dezterity to the dignity of a science. 

In proceeding to trace the progress of the art of 
carpentry, so far as it bears upon the general subject 
of “ jointing," in some of its more special aspects, we 
have to notice, as already stated in an early paragiuph 
on the tools of the carpenter, that in the erection of 
timber structures, those being for along time coniined 
wholly to domestic pui'poses, light timbers for obvious 
reasons would be used in the first instance. And 
this if for ho other reason than that they could be 
more easily worked to the desired lengths and shapes 
the simple tools then used, to say nothing of the 
greater ease with which they would be handled and 
placed in position. But in some instances longer and 
stronger pieces would be required for some special 
purpose than could be conveniently obtained or 
ready to hand. This would naturally lead to the 
consideration of methods by which the desired piece 
of a certain length could be obtained by the junction, 
in some form or another, of two or more of the 
smaller pieces at disposal; and thus the system of 
joints " would be begun to be established. Joints 
at first would be of the sunplest character, what one 
might call the rudimentary forms being only used. 
Thus we can conceive that amoUgst the first joints (so 


to call this simple arrangement) required would be 
a method of joining two short pieces together in order 
to make one single long piece. The easiest way to* 
do this would be as roughly represented in fig. 12^ 
in which the end of one piece, as a u, would be 
passed over the end of the other, os 6 ft, the two- 
being tied together by means of some simple liga- 
ture, as o; very frequently, as may still be seen in 
some semi-civilized parts of tlio world, some vegetable- 
fibre or willow withes being used for this purpose. 
But this joint would depend for its strength wholly 
upon the strength of tlie bond or tie at c, and on 
the way in which this was tightly drawn and tightly 
secured. And at the best it would be a weak joint,, 
the parts being easily moved fi^om uide, to side, as the 
touching surfaces of the two parts bearing upon one 
another would be of the smallest — namely, points or 
parts of a circle, as at i and j. To make them lio 
more ** sweetly " together, to use a term frequently 
employed in mechanioal construction, a broader surface* 
would be requisite, so that there would be but little 
rolling or rocking motion one upon another ; and it 
would take no great exercise of mechanical ingenuity 
to discover that flattening the ends of each, as at 
would be found effectual in this way. The two flattened 



Fig. 12. 


surfaces would be placed together, and to prevent th» 
tie from slipping off, a notch or two, in which part of 
it would lie, might follow. 

But this system of tying or binding two pieces of 
short timber together to form a single and longer 
piece would, even if the two were so securely 
bound together as to form a strong joint, be the 
clumsiest possible arrangement. The sense of the 
fitness of things comes into play much more early 
in man’s civilization than some are disposed to 
admit ; and this would show how awkward were the 
breaks in this form of joint, as at s/ in fig. 12, even 
where the piece was to be used alone. Where timber 
lengths so joined were to be placed in juxtaposition^ 
or resting upon one another, the awkwardness of the 
joint T^uld be still more noticeable. We have shown 
how this joint, awkward as at the best it is, would be 
greatly improved by giving flat bearing surfaces, as at 
d in fig. 12, to the two parts placed in contact. 
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THE OAIIOO PBIHTEB : 

The Chemibtrt xan Technical Opeeationb of his 
Trade. 

CHAPTEH I. 

Introdnotory, 

The art of printing coloiired designs upon cotton 
is in principle one of ancient origin, but only com- 
parativfly recently has it reached so high a degi*ee 
of perfection that it may justly be classed along with 
the “ line arts.'* Perhaps no branch of industry 
has a more intimate connection with complicated 
6cientiii(! principles, the laws of mechanism, and 
the woi'k of tlio ai-tist, than that in which we are 
about to engage ourselves j and these are com- 
bined in so high a degree of perfection in this one 
industry as to form an art almost unique in its 
ohai'act(‘r. In no branch of industrial art are the 
ingenuity and resources of the operator put to a more 
severe test, whether as regards practical details or 
the even more puzzling cliemical problems. And our 
readers need hardly be reminded that a subject so 
extensive both in its practice and theory can only bo 
treated in such a manner as to present its general 
features, rather than the numerous details only to be 
acquired by experience in the print-works, such as 
the writer of this paper has had. Yet if the reader 
will carefully follow us, wo hope to show him, as 
indeed our title indicates, what tho principles of these 
wonderful processes are, and of the scionces upon 
which they are based. 

Calico Frinttng In Relation to Ohemlitry. 

The process of dyeing, or the permanent application 
of colouring-matters to fabrics, is of a chemical nature, 
Eyeing may be defined as the imparting permanent 
colour to a textile fabric through the entire fabric, so 
that both its surfaces may be uniformly of the same 
colour or shade of colour ; but Prmtmg is the art of 
dyeing in any desired pattern or design, cdthough colour 
is often also printed *’ uniformly on one side of the 
doth. The art of calico printing consists, then, in 
dyeing certain parts only of a fabric in one colour, or 
in a combination of colours, so as to produce a design. 
Hence what we say concerning the thtory of dyeing 
applies equally to that of printing. It must also be 
borne in mind that the precise chemical reactions that 
take place vary more or less with the colour. We 
now come to the consideration of the first principles 
of the calico-printing process. 

Gtnml PrlnolplM rsgalstiiif the Dspoiltlon and Fizstioa 
of Colour oa tho lartsot of OsUeo or Cotton Cloth, 

It will be easy to decide what are the chief 
qualities required of a colour which is applied to a 
ootton fabric in order to ornament it. In practical 
life, if the fabric so ornamented is to be exposed to 
the usual influences around us — such as friction, the 


air, light, water, etc, — the colour must be able to 
resist more oi* 'ess perfectly the action of such agents, 
in order to eexistitute a ** dyed '* fabric. 

This ornamentation of cotton in permanent colour 
is accomplished in a variety of ways. In some few 
instances colouring-matter dissolved in water will 
dye,” without any other moans being resorted to 
than dipping tho fabric in the solution : tlie colouring 
principle seems to unite chemically with the fibre, and 
so bccomo fastened to it, or Jixad ns it is termed. 
Such is the case with aniline-red upon wool, silk, etc. 
In other cases tho colour, or ingredients necessary 
to form it, are applied to the cloth either in a 
soluble or insoluble state, and afterwards rendered 
insoluble or otherwise fixed. In the case of some 
colours fixing is executed in a siinido and effectual 
manner; in others it rotpiires many separate pro- 
cesses. Some colours fulfil to perfection the qualities 
required of them to be durable in practical life — such 
as complete insolubility in water and soap suds, and 
resistance to the action of light and air : such colours 
are said to bey«5^ Diirereut colours fulfil in different 
degrees these dosirablo (jnalities : somo colours are 
<< faster” than otlicrs, according to the colouring- 
matter, mode of fixing, etc. ; and the resources of 
the calico printer are constantly taxed to produce his 
colours as fast as the occtvsion or purpose demands. 
Many colouring-matters are of little or no soi'vice in 
dyeing and printing, simply because they form “ loose,’^ 
though bcmitiful, colours, 

Oolours mod by the Calico Printer. 

The colours imparltsd to textile fabrics by the 
calico printoi-'a art consist of chemical compounds 
which are frequently of too complex a nature to per- 
mit of their exact composition being well understood. 
With few exceptions, as above mentioned, ilio fibre 
simply holds the minute particles of colour and dis- 
plays them to advantage ; being no component part of 
the colour. The of the colour of these chemical 
compounds, and of all bodies, lies in the composition 
of light itself* Light as received from the sun lute 
inherent in itself the potency to produce all colours, 
Light is composed of three primary colours — red, yellow 
and blue — which by combination among themselvee 
form violet, indigo, blue, green, yellow, orange, red, 
which again by an endless series of combinations in 
difierent proportions form every other colour. A body 
that appears hlut is one that has the power to absorb 
and so destroy all the oolours of which light is composed 
except blue ; and so also other bodies are rtd because 
they absorb all the colours of the rainbow except rod \ 
and similarly with every other colour and shade. 

Tho Two ClasMi of Colour used in OsUoo Printing 
Most colouring-matters, as applied to the ornamenta- 
tion of cotton fabrics, fall under one of two chesses. 
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In the first class are Included ready-formed colours 
which are insoluble in water when applied to the 
oloth, and are afterwards made to adhere firmly to it> 
or in other words are ** fiied,” without altering the 
nature of the colour as first applied. To this class 
belong ultramarine^ vermilion, and lampblack. In 
the second class the colour, or part or all of the 
ingredients necessary to form it, are applied to the 
ootton in a soluble state, either mixed together or 
supplied separately and afterwards made to form the 
desired insoluble colour,— or it is fixed. In this case 
that part of the colour which effects the fixation of 
the colouring-matter is frequently a metallic salt or 
tannin, and is called the mordatU, although, strictly 
43peaking, it is generally simply a component part of 
the colour. However, although this is a convenient 
division for a large number, it docs not include all 
■colours, since the theory, as well as the practice, varies 
with the colouring-matter. Moreover, the same dye 
or colouring-matter may form differently coloured 
insoluble compounds, according to the mordant, the 
treatment, the fabric, and other conditions. 

^nertl Frinoiplai of Dyeing, or the Imparting of Oolour to 
the Fibroi or the Surface of Oalioo* 

The question “ what is the theory of dyeing is not 
easily answered; nor indeed do scientific authorities 
on the subject agree as to what really takes place in 
overy case of dyeing. To fully explain the action, as 
in the present state of our knowledge we understand 
it, would involve questions of physics ; but for practical 
pui'poses it will be sufficient to indicate roughly the 
general principles. The colouring-matters which wo 
apply to cottons in dyeing or printing may be deposited 
in the cloth by the following methods. 

( 1 ) Colours fixsd meclumicaUy : Pigment Colours. 

The colour is applied to the cloth in the form of 

very fine powder, mixed with a glutinous substance 
capable of becoming by subsequent treatment solid and 
generally insoluble, and so holding or adhering to 
the cloth, as well as firmly retaining or ** fixing the 
colour. Examples: Ultramarine, lampbaok, chrome 
green — fixed by albumen, which is soluble in cold 
water, but becomes insoluble and solid by the action 
of steam, etc. 

( 2 ) Colours formed hy the wmbimition of colouring- 
‘matter with Hiefihrei 

a. When wool is dipi>ed in a solution of the 
colouring-nmtter, a chemical combination of fibre 
find colouring -matter takes place. This is, however, 
not applicable to ootton fabrics. 

5 . The dissolved colouring-matter is mixed with 
4111 agglutinative material or thichenerf and printed, 
and the union of oolouiing-matter and fibre is effected 
by exposure to tteamu 


OlMiai of Oolouing-mattfr formed in the Tibia 
without Oomblnlng with it, 

fl,. The colour held in solution by a very feeble 
solvent, some kind of attractive force exerdaed by 
the fibres withdraws the colouring-matter from the 
solvent and precipitates it upon the cloth. Examples : 
Indigo, annato. The action may be considered to be 
analogous to the precipitation of salts from a ** super- 
aatumted " solution by simply throwing in material 
such as dust, or a fibre of ootton, 

5 . The colouring-matter is dissolved, but having no 
afiinity for the fibre alone, combines with a mordant — 
as iron — ^whioh has been previously deposited in the 
fibre in an insoluble state; the compound which 
is then formed being firmly fixed in the fibre. It 
may be of an entirely different colour or shade to 
that of the colouring-matter as first applied, or it 
may be unaltered in colour. Examples: Alizarine 
(yellowish colour) and alumina give a red ; alizarine 
and alumina and iron give chocolate, etc. Logwood 
(red -coloured) and iron give black. 

0, The colour is formed by oxidation of colouring- 
matter, or matter capable of being converted into a 
colour, after deposition in the fibre. The colouring- 
matter is applied to the cloth in the state of solution, 
and is then submitted to a process of oxidation, wljioh 
forms the desired colour and simultaneously fixes it. 
This oxidation may be effected in various ways — ^by 
exposure to air, exposure to some oxidizing substance 
such as a bichromate, or by adding to the colouring- 
mixture printed on, some oxidizing substance which 
on exposure to heat gives off oxygen. 

d. The colour is the result of a chemical action taking 
place between two substances one of which is applied 
to the cloth, and the cloth is then passed through a 
solution of the second substance — whereby the desired 
colour is formed. Example: Iron buff or oxide of 
iron. 

c. The materials necessary to form the colour are 
all applied to the cloth in a state of solution, then are 
made to unite together by subsequent treatment — as 
exposure to air, steam, etc. 

Tim above classification is that adopted by Mr. 
Orookes, F.E. 8 ., and other well-known writers on the 
subject. Although.it includes most colours, and those 
most commonly used, there are many more vrhioh 
do not come under any of these heads, and are fixed 
by special moans. 

The Principle of Frintiiig Oolouri upon Calico, ai dii- 
tingnished from Imparting Colour by Dyeing. 

In every case of printing, there must be a design 
engraved upon wood or metal to print either part or all 
of the constituents of the colour. In many oases this 
is all that is necessary ; while in xnany instances other 
processes come after or before the actual printing — 
such as dyeing, etc. The operation of laying down 
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the design upon the fabric is accomplished in the 
following manner ; — 

One of the following ia "printed” on the doth, 
at 9<ym stage of the work — that is, applied to certain 
parts of the doth so as to produce a design. Either 
(1) the entire colour, whether dissolved in a medium 
or not, or (2) one of the constituents of the " colour,” 
or (3) some substance that will act upon (such as 
destroying) the colouring-matter when afterwatnls 
applied uniformly over the doth, or (4) some other 
medium which will in some way or other cause 
the colour when applied to go to certain parts only 
of the cloth — indicated by the design. This effects 
the deposition of colour in certain parts so as to form 
a design. This " printing ” of some substance on the 
doth may be done in two ways, — by block or hand 
printing, and by machine or cylinder printing. The 
first method is that which was universally employed 
before the invention of madiine printing. The 
design is cut out in relief upon blocks of wood, the 
raised parts, t.a. the design, being coated with a colour, 
or diflei^ent parts of the raised design ccwited with 
different colours. The block is then placed upon the 
cotton by manual labour, or mechanically, thus leaving 
a coating of colour on tlie cloth corresponding to tho 
design on the raised parts or embossed surface of the 
block. In order to render the colour thick enough to 
adhere in suf^cient <)uantity to the block and to the 
doth, as also to keep it from spreading, it is thickened 
with such substances as gum, albumen, etc. Tlte 
colour is allowed to dry, and if necess*iry is after- 
wards developed by subsequent processes. The colour 
being then fixed, the thickening may or may not be 
washed out, according to the nature of the colour. 
This kind of printirig by hand is fast going out of 
use (for very obvious reasons), except for a few colours 
that cannot so well be printed in any other way. In 
machine printing the colour must also be thickened ; 
many substances being employed for the purpose— 
chiefly starches, fiour, gums, and albumen. It is 
applied to the doth by means of a copper roller 
engraved with the design in lines out out of the 
metal, which revolves in a box containing the colour, 
the excess of colour and the colour from the smooth 
parts of the roller being removed by a plate of steel 
adjusted against the roller, and so "scraping” the 
smooth parts and leaving the colour lodged in the 
little ridges of the engraved surface ; the roller, pass- 
ing over the surface of the cloth, parts with the 
colour which is lodged in the engraved part— the 
smooth ports being quite free from colour. All this 
is done by a machine which in its perfect form 
rivals the most ingenious and accurate pieces of 
mechanism of modem industiy. One colour or so 
nmny aa twenty colours may be simultaneously applied 
by one madiine, the construction of which will be 
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described further on. The development and fixing 
of the colour is subsequently effected in different 
ways j the printed goods are subjected to the action 
of steam, the air, various liquids, or some other agent, 
which develop the colour. The colour being fully 
developed and fixed, any subsidiary substances, thick- 
ening, etc., used in printing are removed, and finally 
the goods are " finished,” — starching or weighting or 
giving a smooth to the surface as the case may be. 
Although we have, in order to give a general concep- 
tion of pnnting, reviewed the prooessin a few sentences, 
the various details of the machinery and its manage- 
ment are of the most complicated nature, and only 
by long practice— or “apprenticeship” — does a man 
become proficient in his art. 

As the reader will have learned from the above, 
there are many “ styles ” of printing, or different 
methods and processes for making different combina- 
tions of colours. To this subject we have spooially 
devoted a division of this paper. 

Before proceeding to describe in Jotail the various 
operations which the calico has to undergo before its 
^surface can be ornamented with a coloured design, 
it may bo well first to mention the suooossivo pro- 
oessos: (1) such preparation of the grey calico as 
shall render it fit for printing upon — principally by 
" singeing,” or burning off loose hairs, etc., and by 
bleaching ; (2) the prepamtion of tlio colour or com- 
position used in printing; (3) printing the colour, 
and in some coses subsequent dyeing ; (4) developing 
and fixing the colour, and in most oases subsequent 
improving of the colour by washing with soap, etc. ; 
(5) finishing. 

Vint Frocei* of OoUoo Preparation for Printing— Singeing, 
or Firing. 

Tlie grey calico fabric, us it comes from the hands 
of the weaver, if placed on a level with the eye, 
exhibits numerous loose cotton hairs, or fiocks, pro- 
jecting above the surface. These, if not removed, 
would in most cases prove injurious in printing by 
blurring the outline of the design and interfering 
with the deposition of the colour. The first process 
in the operations of calico printing, thcroforc, is the 
removal of these cotton ends. This is effected by one 
of three methods; singeing or firing, shearing, and 
a combination of both of these methods. Shearing 
alone is not often employed ; singeing is the method 
most commonly adopted. 

This may either ^ done by means of red-hot plates, 
or by a fiame, or by a combination of both. The latter 
method is that now generally adopted. The calico 
passes through the upper part of a series of long 
gas-jet flames, and than over and in contact with red- 
hot plates, with such velocity that the loose cotton ends 
are burnt, while the fibre ^ the calico is not injured. 

a 
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In one form of machine the coal-gaa for burning is 
made by the machine itself, from a cylindrical retort 
filled with coke and coal heated by the same furnace 
that heats the plates ; the ooal-gas generated is burnt 
almost as soon as it is formed. 

Fig. 1 is a diagram partly in section of the singeing 
machine: a a a is the furt^ace, built of brick and 
lined with good fire-brick ; e e is strong brickwork 
supporting part of the top of the furnace ; /, /, are 
the curved iron plates which are made red-hot by 
the furnace beneath, and h is the series of gas-jets 
from a pipe t, which conducts the coal-gaj either fi-om 
an external source or from a retort immediately below 

t, heated by the furnace a a a. The hoap of calico, 

u, is drawn up and acrosB the guide v, then between 

the square wooden rods, so as to make the 

cloth smooth. It enters the machine through an 
opening at the side, between and t, passing through 
or in contact with the fianies h, then it passes over 


of foreign matters, which would seriously interfere 
with the effect required to be produced in colours upon 
the cotton. The cotton is naturally of a dirty yellowish 
colour, and contains mineral matters and other im- 
purities, besides what is contracted during spinning, 
etc,, such as grease, dust, and other adhering meolia- 
nioal impurities ; and it is to be converted into a beauti- 
fully pure white calico, perfectly clean and free from 
all dirt and grease, before it is fit to be printed upon. 
This is effected by the process of bleaching, the first 
operation in which is “ steeping" or lotting the riband 
of pieces lie for some length of time in water, so 
as to thoroughly saturate them, as the cotton has a 
tendency to throw off water and keep dry, owing to 
the greasy and other matters which it contains. The 
cotton to he bleached, as it comes from the singeing 
operation, in the form of a long riband, sometimes 
measuring in its full length some thirty or forty miles, 
and composed of pieces sewn together, passes first 



and in contact with the two curved plates /, /, and 
passes out over the roller revolving in a box con- 
taining water. It then pnsEes over the roller h into 
this box under the roller then out of the water, 
and posses between the rollers m n, where tlie cloth 
receives the motive power to draw it through the 
machine. The top i*oller, n, is larger than the 
bottom one; the lower one being turned by a small 
engine, the top one being pressed down upon the 
under roller by a weighted lover at o, thus giving 
tlie cloth the necessary ** nip ” to draw it through the 
machine. Tlie calico then passes upwards and through 
the porcelain ring, w, so as to bring it into the rope 
form, in which fom it passes over the wince s «, and 
falls into the barrow t, in which it is wheeled to the 
liming machine. 

Second Prooeii of Oelioo Preparation— Bleaohlng, 

The grey calico having now been deprived of tbe 
loose cotton-ends, has yet to be freed from a variety 


through a ring, generally of porcelain, so as to bring 
it into a ropo form, and passes into the steeping 
kier, hereafter described. This kicr is filled up as 
evenly as possible, the rope being laid down regularly 
by a boy inside the kier, till nearly filled, when 
water is nin in and the calico is left there for several 
hours. In many bleach -works steeping is omitted, the 
calico being wetted as it comes from singeing, as 
already mentioned, 

WaBhing. 

The goods are now thoroughly w'ashed in a 
washing machine, to remove whatever in the cloth is 
soluble in water. There are many forms of wasliing 
machine, one of which is represented in fig. 2. In 
this washing machine the uprights A, A, support two 
wooden rollers, h h and o c, the former revolving 
on the shaft e e, by the pressure against it of roller 
yy, which is driven by a wheel <Z, connected with 
gearing. The calico enters the machine at a, passing 
through a ring a, and so being brought into thof 
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rope form, it passes • between the two rollers 6 h and rally of cast iron for smaller sizes and for Low- 

c c •, the roller 6 6 is a little further back than o o, pressure kiers, and of wrought-iron riveted plates 

so that, looking at the figure, the cloth passes at the 
back of b b, then between the two and down the front 
of 0 c. Tlie riband thus falls into a box, k plenti- 
fully supplied with a good force of water. It falls 
to the bottom of the hox, lies there a few seconds, 
and then ascends as at r, passes between the rollers, 
again descends as at s in the same manner, and 
so on repeatedly till it arrives at the opposite end 
of the macliine and passes out at A. The various 
ascending ribands are prevented from becoming 
entangled by passing between parallel wooden rods, 
either as they leave the water box or immediately 
before passing between the rollers, as sliown by 
vertical lines in the figure. The water enters tho 
box at k and at where the washed calico loaves 
tho machine, thus finally washing tho cloth, while 
the overflow of dirty water takes place where the 
unwashed cloth enters the water at w. 


/ 

Fig. 8. 

for larger kiers and for high-pressure kiers ; hh 
a false bottom, or grid, a* a' being tho real bottom ; 
0 is a vertical pipe with an umbrella-shaped cover at 
the top, a short distance above the end of tho pipe 
c, strongly secured to it by moans of iron rods. The 
steam enters under the false bottom by the pijie d d ; 
there is a steam -tap at and tho steam^pi {)0 d dh 
perforated. Tho run-off for the dirty water is shown 
at e/. 

The riban<ls or ropes of cotton pass into the kier 
by means of tho wince g the action of which will 
Fig. ‘ 2 . lie evident on reference to the figure. The wince is 

Liming, or Preliminary Treatment with Milk of Lime. supposed from tho roof. When the kier has l>een 

The «' goods” - the calico l«ing so technically «P “><1 ^ell packed, it is filled ynth 

temed-are rim into a mixture of slaked lime “‘1’' 

and water, and kept rapidly running in it for *^® 

some time. The mixture of lime and ■water, or milk ^ 

of lime, is placed in tho Iwx of the washing machine, 
fig. 2, provided with several pairs of rollers for 
squeezing tho cloth, in addition to tho rollers shovTi 
in the figure ; the cloth runs in this machine until 
thoroughly sutumted with the milk of lime, and then 
passes at once into the liming kier. The exact quan- 
tity of lime used in liming is not of great inqiortance, 
provided there is not a deficiency. About 10 to 15 lb. 
of lime to 200 lb. of cloth may be used. 

Boiling with Lime. 

The calico is next led into a large kier, the same 
as that used for steeping, and packed, as before, 

very closely and regularly. Fig. 3 is a section of course, closed. Fig. 4 represents the kior when 
a boiling Ider : a a a' a' is an iron boiler, gene- working. The steam from the pipe d d causes a 
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violent current of hot liqnor to ascend the pipe c c, 
and ia projected with great force against the umbrella 
cap if c'l which by its curved form daehes it through 
the pieces of cloth marked cotton/* and then through 
the grating or false bottom near (f as shown by 
the dotted line, and is Immediately again driv^m up 
the centre pipe. Thus a strong drculation of the 
liquid is kept up» and the pieces are thoroughly 
boiled. The len^h of time the pieces are boiled 
depends upon the nature of the cloth, and varies from 
eight to twenty hours or more. "Vnien the boiling 
is finished, the steam is turned off, the liquid run 
out at //, and the kier filled up with fresh water. 
The cloth is now run through a washing machine, and 
receives a thorough washing, to remove lime and all 
matters rendered soluble or loosened by its action. 

« Soaring’’ after Lime. 

This operation follows the wasliing, and consists 
in running the cloth through water rendered sour or 
acidulated with muriatic acid (hydrochloric acid or 
spirits of salt), or by vitriol (sulphuric acid). The 
calico passes through a machine similar to that used in 
liming, pissing in and out of the “ sours ” five or six 
times, and is then squeezed and piled up in heaps 
in the bleach-works, and left to stand for three or 
four hours. After this the doth is again thoroughly 
washed in a waslnng machine, to free it from all acid 
and matters dissolved by its tiotion. 

Soiling with Soda Ash and Boain Soap, or ’’Bowklng.” 

This is the next step towards the production of Uie 
pure white calico. The cloth is agjiin tranferred to 
the boiling kior, and closely 2 )acked, A solution of 
soda /ish and rosin, or rosin soap, is prepared by 
making a solution of soda ash in an iron kier or tub 
f)rovided with a steam pipe, and adding gradually about 
half as much rosin as thez^ is of soda asli. Several 
hours* boiling effects the solution of the ingredients. 

When rosin soap is employed, the quantity of soda 
ash introduced into the kier is reduced by an amount 
equal to that contained in the soap taken. The 
liquid, as above prepared, is now run into the kier 
containing the calico, and when filled up the lid is 
screwed down and it is boiled in the usual manner 
for several hours --the exact time again depending 
upon the nature of the cloth, as well as the pressure 
of steam used in boiling. In some kiers low-pressure 
steam is used, but more recently high-pressure steam 
has been adopted. The latter is said to do the work 
much more quickly, but, not quite so efficiently. 

It is well to mention here that if the soda ash 
employed contains no caustic alkali — which, however, 
most qualities in the market do — it is necessizry either 
to causticize a portion by the addition of some 
or to a^id au equivalent quantity of caustic soda. 
When the cloth has been sufficiently ** ashed/* as it 


is termed, as abov^ the riband of pieces is passed 
through a washing machine and thoroughly washed ; 
It is subjected to 

Triataant with Blsaohing Powder, or ** Oheniokhif 
At this stageof the bleaching process theootton is free 
from its chief grea^ and mineral impurities ; but yet 
it exhibits a dirty or yellowish tinge, which must now 
be destroyed. This is effected by the action of free 
chlorine generated from bleaching powder and an 
acid — these two agents being applied to the cloth in 
two separate operations. 

A dear solution of bleaching powder or chloride of 
lime is made by dissolving the powder in warm water 
and allowing the insoluble matters to settle down. 
The dear liquor is generally made of specific gravity 
1*09 or 18° Tw., and added to the chemicking kier in 
the required quantity, which varies according to the 
quality of doth to be treated ; but generally chemio 
at 18° Tw. is reduced with water eighteen times for use 
in the kier. The calico is allowed to steep in the dilute 
chemic until thoroughly saturated ; it is then run out 
to be “ soured.” The fabric is by this treatment little 
affected, the chlorine contained in the chloride of lime 
being not yet free— this being aocompliished by the 
next process of souring.** 

Souring” after Chemio. 

The goods saturated with dilute solution of bleaching 
liquor are passed either through dilute hydrochloric 
or through sulphuric acid, whereby chlorine is set free 
in the fibres of the calico, and all colouring-matters 
are destroyed or hlmof^ed by its action. The pieces 
are then finally washed in fresh water, and after 
smoothing out the riband of cloth, are dried over 
steam-heated cylinders, similar to those shown in 
% 5 . 

It must not be forgotten that in bleaching, no less 
than in many other opeiations of calico printing, the 
process varies in details in different works. We have 
given the general method, and that which clearly 
exhibits the principles of bleaching. 

In the case of some kinds of cloth, and for certain 
classes of work, the operation of singeing is partially 
or wholly substituted by a mechanical process of 
removing the hair ends, etc., by running the cloth, 
drawn very tight, over a sharp knife-blade. This 
method is called ^'shearing.'* 

In most cases the bleached calico is next submitted 
to a process of brushing, by means of a roller covered 
with a brushing of stiff hairs. The calico is rapidly 
run with pressure upon the roller, which revolves 
with great speed in the opposite direction. The 
object of this operation is to brush off loose hairs or 
cotton ends, and is performed immediately before the 
cloth is taken to the printing machine, being tolled 
on an axle as it leaves the shearing machine. 
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CHAPTER L 
Introdttotory. 

Or the early history of the art of Mafionry nothing 
poBitive IB known. There is but little to be met with 
on which what might be called reasonable conjecture 
can be based as to what constituted the earlier works 
of the mason. When we come to the period in the 
histoiy of man*s civilisation in which regular structures 
of stone begin to appear, we find the details very much 
mixed up with the pix)gress of the sister, or, as we 
should perhaps call it, the mother, art of Architecture. 

In tracing the details of the work of the mason as 
a handicraftsman, we may succeed in tracing the 
steps by which what may be called the rough and 
ready-to-hand methods were, by careful observation 
of the ofieots of difibrent methods at command, 
gradmilly brought to that position in which perfec- 
tion has been attained in the art of working stones 
and its practice has become based on fixed and 
accepted principles. Those principles liave thus raised 
it to the dignity of a science ; so that from the art 
or handicraft skill in working stones and placing them 
in position in the structures in which they are used, 
we shall arrive at that point at which wc have a 
science of masonry, properly so called, 

lasding Diviiiona of the Snljeot. 

It is our purpose to give to our readers a series 
of diagrams, drawings, and descriptions illustrjitive 
of masonry considered as both an ait and a science. 
This natunilly divides our subject into two parts, 
The first of them will take up the various kinds or 
classes of walls in the formation of which as a rule, 
with few exceptions, the work known as the mason's 
is employed; the kind of stones, or more properly 
the physical form, shape, or configuration in which 
the stones are used, and the methods by which 
these stones ar-e built up into the wide variety of 
structures known as buildings in stone, or masonry. 
The second part concerns itself ohiefiy with what may 
be called the science of masonry, in which theory gives 
its aid to pi'actice in aifoi'ding rules and methods by 
which the various forms of stones required in the more 
complicated stone structures, such as arches, niches, 
vaults, etc., can be obtained with rigid accuiacy. The 
forms or configurations of the stones composing these 
are more or less complicated or varied, but all require 
to be shaped and cut according to the positions they 
are to occupy in the structures for which they are 
designed. And this shape or form is dependent 
upon the employment of certain methods of what is 
called “ proje^ion,” by which graphic representations 
are obtained to of the form required* In these 


ai 

methods the science of geometry plays an important 
part, and the labours of the draughtsman are neoes" 
flitated for this department of the work of masonry. 
(See the series of papm entitled “ The Building and 
Machine Draughtsman, ’’the laterseotionsof the present 
paper, and *<The Geometrical Draughtsman.”) Pro- 
ceeding under this briery expressed plan of arrange- 
ment of subjects, we take up first what may be called 
the handicraft part of masoniy, inasmuch as its work 
chiefiy depends upon the skill of those who have been 
brought or bred up to the mcKihanical working of stone. 

DeflnlUoa of the Term Itaionry— The Diitiaetloa between 
It and Brloklaylng. 

Masonry has boon defined— to follow the principle 
laid down by an eminent authority— as a bulk or 
mass of stone, either cut to regular shapes or forms, 
or taken as they are brought from the quarry or dug 
up from, or found on the surface of, the soil, of 
irregular shapes and sizes; those being either bonded, 
held together or connected by mort/ir or cement, or 
simply by resting on each other, or interlocking, so 
to say, more or loss completely with each other, no 
mortar or cement being employed. 

According to this authority, brick is a material 
which comes pioporly within the domain of masonry. 
In this country, however, the ti*ade or business of 
bricklaying is distinct fn)m that of the stone mason, 
each being, as a rule, carried on quite mdeponJrsntly 
of ibe other. But the method of placing or super- 
imposing bricks upon one another to form a wall or 
structure demanding a peculiar method of working, 
known tedhiically as “bonding" (which term, so far 
as masonry is oonoornod, will bo presently explained), 
and the employment of difToront, though less compli- 
cated appliances and apparatus — takes, os we think, 
the art of bricklaying within a category at least some- 
what dilFeront from that of masonry. So that we 
deem it advisable to divide the two, giving a special 
paper or papers devoted to the brickkiyor’s work, just 
£U3 we devote the series of chapters of which the 
present is one to the art and science of masonry. 
(See “The Bricklayer or Brioksottor.") 

Other Xaterlali used in Wall Oonitruotion. 

There are, however, methods of constructing walls 
(see the “Oyclopaidio Dictionary of Technical and Trade 
Terms,” section Building Construction) which may bo 
considered the typical forms of artificial structure, 
other than with stone or with brick. The material’i 
employed in these other systems are first soil or clay 
worked up under the system of second, 

“concrete,” which may bo called a species of artificial 
stone. Of those two materials and methods, pisS — 
using soil or clay — is still occasionally employed, and 
is useful in colonies and remote districts where skilletl 
labour to work up stones or make bricks and to build, 
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them is either rery dear or cannot be had. Of the 
second, or concrete system, it may be said that from its 
use presenting so many advantages, it is being largely 
and still more successfully employed. There should be 
no reason why the carrying out of these two methods 
should be made to lie within the province of the mason 
any more than that they should bo taken up by the 
bricklayer. In point of fact, both trades are quite 
competent to carry out both methods, and often in 
point of fact do so; although concrete building has 
lately received such an impetus that it has almost 
become a special trade or calling. But as both systems 
must receive some notice at our hands, wo shall give 
wliat space can be spai-ed to their description within 
the range of the present series of papers, this forming 
an integral part of it. 

The Typical Form of Maeonry the Wall-^Its General 
Feature!. 

All stone structures — and the same holds equally 
true of brick — or as they are popularly designated, 
“ buildings,” ai'o spaces of ground enclosed by walls of 
greater or less length, height, and thickness — those 
throe dimensions, which go to mfike up the solid wall, 
varying ac^conling to circumstances. There are a few 
exceptions to this rule, such as in the vast masses of 
great breadth and length employed in the construc- 
tion of liarl)Our, and in some classes of railway work, 
in the formation of floors of tanks, and the like; 
but these are ntMirly all but apparent exceptions, and 
might be safely classed as walls only of unusual 
dimensions or bulk or built upon unusual positions or 
sites. For the same method of c^mstruction is adopted ; 
and oven in the last-naiDeil exception, a floor may be 
ill one sense said to be a wall, only posed or placed 
horizontally. All walls do not, however, enclose spaces. 
They often skirt or bound the side or end only of a 
space of ground, and arc termed bounding or boundary 
walls; while others oi’e built up against the face 
of a bank of e^lrth, and are called i-etaining walls. 
The various forms they ossuino uill be explained 
hereafter. Meanwhile we pi*oceed to describe the 
methods by which they are built up, and the various 
forms which the matoriiils employed assume. In one 
sense walls might bo considered at fii'st as divisible 
into two parts — the conditions or forms in which 
the stones forming tliem are met with in practice; 
and second, the way in which they are super- 
imposed one upon another, held and tied together. 
This method will, in point of fact, be here and there 
adopted ; but it so happens that the two are so inter- 
mixed with each otlier that it is difficult to sepanite 
the consideration of the stones themselves, and that 
of the way in which they are built up to form a wall. 
This, however, is observable in the early stages of the 
question, or in the simple forms of walls. We shall 
reach a point shortly in which we get the dual position 


of the two more distinctly marked, when we shall 
take up each separately. 


The Blmpleet Forme of Valle. 

Following the features of what may be called the 
natural system of building, by which the art of 
masonry arose, we take the simplest of all the methods 
of forming walls. In the earliest times the first walls, 
or attempts at erections like walls, would probably be 
made by taking such stones as could be found most 
i‘eady to band. Those would V)e found lying in the 
field, cropping up on its surface; or would be dug 
more or less easily from its soil ; or they might be 
found in larger or smaller lioaps and colleotions in 
the beds or channels of torrents and rivers. Such 
stones ore generally more or less rounded, as at a, 
6, c, and rf, in fig. 1, and this from the action of 



flowing or running water, Tliis is tno case even in 
the stones found on field surfaces or dug up from their 
soils. For it is to bo remembered that those soils are 
for the most part deposits, laid by the action of water, 
or subsiding from them. Frcfpiontly also, when the 
rocks to which they belong are difierent fiom the soil 
in which they are found, having been l)rought from 
a distance by icebergs or glaciers, they have, when the 
ioe has melted, been deposited m situ. To ^rm walls 
of those stones with rounded surfaces would to the 
early builder bo a matter of some difficulty, from 
their tendency to roll upon one another. Tliis 
difficulty, which in course of 
time would with us be desig- 
nated technically as their 
giving bafl “bedding” stones 
— that is, stones which would 
not lie readily at rest when 
placed upon each other or in 
a heap — would be easiest got over by mixing up the 
stones with clay or soil somewhat in the fashion shown 
in fig. 2. 

This method closely resembles what is known ae 
** Kientish ragstone work,” only that the stones used 
are not rounded, at least not large, as in fig* 2; 



Fiff. 2. 
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but are selected more on account of their comparative 
thinness and flatness ; the former about the thickness 
of a brick, and somewhat of the shape as at or 
possibly at g, in fig, 1, When walls are constructed 
of the kind of stones such os a, b, o, d, in fig. 1, 
and connected together not with clay, but with strong 
sound mortar, poured in thinnish condition between 
them, a good strong, lasting, and economically con- 
structed wall can be obtained. In many districts 
excellent specimens of this method of building exist, 
which may be classed as the simplest, as it was 
probably the earliest adopted. 


Bubble Stonei and Bubble Walli— Bandom Bubble. 

When stones are not obtained of the kind or class 
described in two last parugrapha, but are got in what 
may be called the natural condition in which they are 
quarried, the walls formed of them are called ** rubble/' 
Bubble stones ai'o of various forms and sizes ; from 
the ** splinters,” such as at / in fig. 1, obtained from 
the dressing and squaring of the large blocks used in 
the higher class of work known as ashlar,” presently 
to be described, up to blocks of stone of more regular 
forms, as at a, b, e, aiid g in fig. 1. Splinters, 
however, or as they are often termed shivers,” are 
genci*ally used for filling in the central parts of 
walls, on wliich practice wo shall have yot more 
to give. Walls formed of '‘rubble” work are 
of two kinds. First, what is called “ random 
rubble,” which is simply putting the stones in place 
to form the desired thickness, and in such a way as 
to keep them perfectly vertical. Those points are 
secured without any attempt to lay the stones in 
even or horizontal courses parallel to each other 
more or loss; the result being very similar to that 
shown in the upper sketch in fig. 3; supposing 




the stones to be larger and not so round as those 
shown, somewhat like the arrangement shown in 
fig. 4 at a a. Bough as walls of this kind would be 
at first, when quarrying would be done in the roughest 
of ways and with the simplest of tools, in process of 
time, as the quarrymen succeeded in breaking up the 
rock into larger masses, those of the largest size would 
naturally* be placed at the bottom of all, as at & 6 in 




fig. 4, so as to form a kind of bearing surface on the 
^ground. This 
would espe- 
cially be done 
in cases whore 
the soil was 
softish and 
liable to yield 
to the pres- 



Fiff. 4. 


sure of the weight of wall above it. 


Broad Bearing SuxfaQei in Building Stonei. 

For the value of a broad bearing surface of stone 
would be quickly learned. The same might bo done 
at the sides at o o, in fig. 4, or as shown^in larger 
scale at the lower sketch in fig. 3. The sketch in 
fig. 9, p. 24, may be taken as illustrative of an early 
style of building a wall, in cases wlicre an abundance 
of small-sized stones could bo had, with only com- 
paratively few large-sized ones. Those latter would 
be taken to enclose the smalbsizod ones — those too 
small to bo placed upon each ofclier or to bod upon 
one another. And if the whole were cemented 
togotlier with good moi'tar, a vciy strong wall would 
be obtained. This would bo an advance upon the 
method sliown in fig. 2, wliore the mortar, clay, or 
binding matexial was largely used. This mode of 
construction was, indeed, frequently adopted, and 
such examples of it as have come down to our own 
time show how very lasting are structures built in 
this way. The knowledge of the value of bearing 
surfaces would soon lead to tlie choico of such stones 
as turned up in the quarry operations possessing flat 
sides, if not flat ends. Tliose would, for superior 
work, be preferred, not only on this account, but also 
EU) looking better or at least more uniform when the 
wall was completed. 

Bubble Walli— Oouried Bubble.*' 

This would lead to the use of an advanced style 
of masonry work in wall construction. This is now 
known technically as “coursed rubble,” and is con- 
structed with stones which receive a partial di'essing 
in or at the quarry, so as to give them faces more or 
less scpiare, or with those selected with some care, of 
as uniform a size and shape as possible. The first 
elements of this coursed rubble work are shown in 
the centml sketches in fig. 3 ; a partial combination 
of lough or random rubble being shown at the comer 
of the lower sketch of this central group in fig. 3. 

Fig. 5 illustrates coursed rubble work in a wall in 
which the stones are of pretty equal tluckness (as at 
a a) and lengtli, so that a degree of external uniformity 
is obtained. This would not be always so, as stones 
of this character could not be always obtained in the 
great numbers frequently required. In this case the 
thinner stones, as at & 6 in the lower sketch, would 
be used in the upper part of the wall, superimposed 
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upon the thicker and heavier, as 00 , the beat place 
for which would obviously be nearer the grottnd. 



Fig. 6. 


Yoiy thin stones would be best used at places in the 
wall in the manner indicated at dd. Fig. 6 illustrates 
part of a wall in cross section — in coursed rubble 



work in which the system of using stones of various 
sizes is adopted; the thin and smaller-sized stones being 
of course placed in the interior of the wall, but still 



Fig. 7. 

laid together in as uniform a manner as possible. 
Fig. 7 illustrates also in cross section, giving the 
thickness of the walls, the combination of thick and 



Fig. 8. 


thin, and also long and short stones ; the inner thin 
stones, placed aho on the coursed rubble system, 
being disposed or put in place as evenly as possible. 
In fig. 8 another combination is shown, the outer 


foundation stones or lower courses being of uniform 
length and thickness; the outer face stones in the 
courses above being alternately long and short, as at 
h and 0 (shown also in fig. 7), while the inner and 
thin stones at a are made up in courses also. In 
fig. 9, small stones (as at 0 0 ) on the random or 



Fig. 9. 


rough rubble system are used to fill in the central 
part of the wall, being thrown in at random and 
held or cemented together by thin mortar, termed 

grouting,'' poured in amongst them. In this sec- 
tion of wall, also, long and short stones are used 
after the first or foundation course. As to the effect 
of this combination we shall Imve presently more 
to say, when we describe the method of obtaining 
greater strength in walls by the system known as 
“ bond ” or “ bonding." 

Aihlar Work. 

Meanwhile we proceed to describe the next method 
of preparing and disposing stones, which is knovi'n 
as *'aslilar." Wo have said that in coursed rubble 
work the stones are cliosen as uniform in size 
and thickness as possible, just as they are quarried — 
that is, without being subjected to tool working. 
Although this is the rule, the stones for coursed 
rubble work are often partially dressed or tooled, so 
as to give faces as uniform as possible, as at a a in 
fig. 10. When the front face is tooled or dressed, 



so as to give a straight or even surface, and the top 
or bottom — ^that is the bedding surfaces — are left 
rough as they come from the quarry, the work when 
finished gives to the outer or exposed surface of 
the wall a smooth face. Coursed rubble work of this 
kind is called technically snecked," and when the 
stones selected are pretty uniform in dimensions, 
affords the nearest approach to ashlar" work, in 
which all the faces are at right angles to each other. 
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THE OEHAHENTAL DRAUaETSKAN : 

His Study and the Details of its Peaoticb, chiefly 
IN Relation to Technical Wobk in Manufao- 
TUiUNO Design, 

CHAPTER I. 

IiLtroduotOTY. 

It is only of late years that the art of Ornamental 
Drawing has taken a plaoe as one of the deportments 
of technical work; or rather, as it may perhaps be 
the more accurate way to put it, as an indispensable 
adjunct to certain branches of the technical arts and 
manufactures, tending by its services to add that high 
value to their products which correct design is so well 
calculated to ensure. Nor need this be much matter 
of surprise, for it is in truth only of late years that 
what, for lack of a l>6tter term, is called technical 
work has occupied a well defined position, as one of 
the factors wliich go to make up the sum of those 
national industries which minister so markedly to the 
national wealth, and the comfort and the luxury of our 
people. The term design ** here used may be, and is 
in its fullest sense, applicable to all branches of indus- 
trial work, for where there is anything to be made, 
its making is obviously dependent upon design of 
some kind. And design in its stiictest senso is, as 
its name indeed denotes, the product of mind as 
applied to the doing of any kind of work. To all 
the constructive ails design is absolutely essential, as 
in the making of a machine, the building of a house, 
or in the construction of its furniture. But the 
term design is in all those cases used here in its 
restricted — some may say its widest — sense. But it 
is restricted in so far us it really is applied to the 
purposes of construction only. maclnne might 
be designed and constructed to work well ; the house 
built so that one might live ** comfortably^' in it; 
the chaii's might be made to sit upon, after some 
fashion, easy or uneasy as the case might be; the 
tables to sit at and eat from, or do designing work 
upon; and the beds miglit suffice to give sound 
sleep. And yet of each and of all it might be said 
that in no senile were they good for the artistic taste 
to dwell, nor pleasant for the artistic eye to look 
upon. In brief, a construction might serve its purpose 
and be in very truth well “ designed," so far as that 
purpose was directly concerned ; but might notwith- 
standing be as ugly as could well be. Or, to use the 
common expression, any one looking at the consti uc- 
tion would almost intuitively or instinctively say, that 
it had “ no beauty that it was not beautiful," 
The term construction here used is applicable to 
an enormously wide variety of objects and things— to 
everything, indeed, “made" and fashioned by the 
patience, the skill, and the energy of man. Now, 
when we come to take up the canons or rules of art, 


we shall find that all — even authorities presumed or 
assumed to be, or in reality such — are by no means 
agreed as to the definition of the term “ beauty,” or 
in other words, what constitutes the “ beautiful.” 

Design in Iti Teoliniosl Benie, 

We here use the term “ art ” in its more restricted 
sense, as concerned only with objects directly pro- 
duced by one or other of the branches of trades, 
manufactures, or businesses now fiourishing amongst 
us; and as only in tho remote sense connected with 
what may be called high or pure art— in which 
imagination or fancy gives birth to a conception which 
is recorded in what wo call a painting, picture, or 
di-awing, — ^whether it be an inanimate subject, as a 
landscape, or representative of some phase of life. 
In this restricted sense the term “ design,” receiving 
or having given to it a definite phrase or a technictil 
term, may be, as it has been and often is, cnllod 
Ornamented or Ornamental Construction. We shall 
see hereafter that there may be other terms by which 
the branch of technical study to which this and 
succeeding chapters under our general title will be 
devoted may be Jefined. For present purposes the 
name here given as dofinilive of what ornamental 
drawing is, or the duties of the ornamental draughts- 
man are, will bo sufficiently clear and explicit, as 
conveying oven to the popular mind a fdr conception 
of thorn. 

Orasment—Orniuiiental Oonitrnotion. 

For thero are but few who, if they could not 
explain what tljey understand by the term “ orna- 
ment,” certainly can do so quite well enough for 
their own satisfaction. And although, like the terms 
“ beauty ” and “ beautiful ” above alluded to, those of 
“ ornament ” and “ ornamental ” are not definite and 
precise, but rather relative and conventional, so that 
different definitions will be given by dilTorent minds, 
— still there is with nearly all a point or points at 
which one object can bo said to be ornamental, or at 
least to possess some claims to it, and another that 
it is not. Nearly every one knows pretty clearly 
what is meant to be convoyed by tho word ornament ; 
everywhere one hears the phrase, “ that is no orna- 
ment ” ; and although no two would probably agree 
as to what true ornament is, they would have no 
disparity of opinion as to tho tnith or fallacy of the 
application of the term to any object. A tub, for 
example, or a barrel, few would pronounce to be an 
ornamental article; but another vessel — to hold an 
equal quantity of water or beer— could be made of 
such a form that it would at once be pronounced 
omamontai. And this although two, agreeing thus 
far, might never agree as to any standard which each 
might set up by which he judged of tho relative 
purity of the ornamented or ornamental form of 
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the newly '' designed " vessel. Ample illustrations of 
these remarks will he found in succeeding chapters 
of the present subject; but enough has been given 
by way of introduction to it. 

The Art of Ornamented or Ornamental Oonitmotion, or the 
Teohnioal Department of Art Kannfaotnrei, of but 
Beeent Introduction. 

The art, as a branch of teclmical study, had no 
practical existence but a few years — comparatively — 
ago. It is diifioult, if indeed it be really possible, 
to point out, not half a dozen, but three or four 
branches of arts and manufactures, in which there 
was, wo do not say an honest attempt made, but a 
thoroughly practical and successful system in existence 
by which ornamental design was applied, two or 
three generations ago. The period at which the new 
and vastly improved state of things was begun dated 
from or about the opening of the Great Exhibition 
of 3851 — a geneintion ago, or a little more, Tlion 
almost every branch of our arts and manufactures 
was simply waiting to obtain »ill the advantages 
which the ornamental draughtsman and designer was 
able to impart to it. 

Sundry Coniiderationi affecting the Work of the Ornamental 
Dranghtsman. 

Before proceeding to give our remarks on the prin- 
ciples of ornamental drawing, and the details of its 
practice, we deem it right to place before the student 
sundry considerations respecting the Art of Dmwing 
in its widest sense, This to the superiioial reader, who 
merely glances at the few pages which arc to follow, 
may appear to be, on the contrary to this, but a 
very limited sense ; being apparently applicable to tho 
general artist, or as he is sometimes cnlleiJ the painter 
of the ordinaiy class of works of art termed pictui’es, 
whether those of landscape, historical, or figure 
subjects, or of both. 

Eiiential Importance of Kaitering the Slementi of 
Ornamental Drawing, 

It IS a very trite and commonplace thing to say 
that thei^ can be no sound building without a sure 
foundation. Still the lesson which this conveys is 
not seldom lost sight of in everyday work. And 
while the truth of that other saying, that it is best in 
any work to begin at the beginning, is not disputed by 
any one, still we fear that its lesson is also sometimes 
overlooked by those who begin the study of Ornamental 
Drawing. It is quite necossaiy that we sljould become 
thoroughly grounded in the first principles of this 
particular branch of the art, if we intend to develop 
our knowledge of it with any satisfaction to ourselves, 
or with any reasonable hope of ultimate success. The 
practice of ** skimming over the elements upon which 
alone true progress is based, is, we hope, unknown 
to the readers whom we are addressing. He who 


would attempt to study Euclid without first under- 
standing the definitions, postulates and axioms — he 
who would design a bridge without taking the foun- 
dations into account-— he who would beoome a chemist 
without an acquaintance with the bases of chemical 
combinations— is just the kind of man whom we should 
expect to hope to become an ornamental draughtsman 
with a contempt for the elements of design. Certainly 
not more senseless would such a man be, than the 
young ornamental draughtsman who refuses to do so 
much of downright beginning or elementary work as 
is necessary to enable him to draw lines and curves 
with equal facility and accuracy. We shall emphati- 
cally insist upon the general truth of this principle 
all the way through this paper — namely, that which 
costs one nothing is worth nothing, and that the 
value of a victory is to bo estimated by its difficulty 
of aocomplisliment. 

The Linei of every Perm, whether In Nature or in Art, 
rednolble to two. 

Has it ever occurred to the young ornamental 
draughtsman that all the forms and combinations of 
forms, whether in nature or in art, are bounded or 
terminated by two kinds of lines only^ one straight, 
tho other curved ? It is exactly with drawing as it is 
with eveiy other art or science which can boast of 
anything like method or system, that there are certain 
great central principles which give birth to others; 
and these in their tium, being generative, produce 
what we may cfill principlets, and so on ad mfiniiwm. 
One leading or certain leading principles lies or lie 
at the root of any science, and every principlet of the 
complete system springs either directly or through 
ascending steps of various degrees of removal from 
this or from tliose principles. So is it true that every 
form, in every department of drawing, wliethor figure, 
landscape, ornamental, architectural, or geometrical, 
however complicated that form may be, is reducible 
to the two classes of lines, straight and curved. 

Ability to draw aoourately the Two OUiiei of Linei eiiential 
to the Tonng Dranghtiman. 

But the great fact for the young ornamental 
draughtsman to consider as a truth is the one at 
which we hinted in our opening remarks — namely, 
that it is imperatively necessary that he be able to 
diaw these lines with something like mathematical 
accuracy, and that he learn to do this at the veiy 
threshold or outset of his career as artist or diaughts- 
man. To mutate with decision and firmness any 
object placed before him, or to body forth the forms 
of things,*' to know the right kind of line to employ, 
and to be able tc employ it, is quite essential. It is 
this fact which gives to such systems of drawing as the 
one which Kumpa of Dresden claims with charming 
simplicity to have beei the first to introduce, their 
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value and weighty significanoe. It is the importance 
of this which alone excuses and explains the dry 
drudgery to which most art students are subjected in 
the beginning of their study. It is this complete 
mastery of manipulative obstacles which we especially 
insist on \ and we earnestly desire the student, through 
oonsideration for his own interests, not to advance one 
single step up the ladder until he finds his foot firmly 
placed on the one below. 

Tht Hatsrlali employed in'Omamental Drawing— The Tools” 
of the Draughtsman in hie Earliest or Elementary Work 
—Different Uaterials and the Methods of using them 
eiplalned— Slate and Pencil System, 

It is here necessary that we should say a few words 
on the materials which it will be advisable to use in 
commencing operations, before we proceed to our more 
specific instructions. This is a point of much import* 
ance, and as it has created some difference of opinion, 
it may be well for us to present the notions of various 
authorities on the point, and afterwards stiite which 
we think best. 

ITorr Kumpa, of I)re«<len, to whom wo have just 
referred, recommends the pupil to use, in his first 
attempts, either a slate and pencil or cheap cartridge 
paper and ohar(H>al. The fidvautages of the slate-and- 
pencil pltm are, that after the small first cost, the 
expense is practically notliing, and that mistakes are 
quickly and easily rectifiable. Two-pennyworth of 
slate-pencil, rightly used, will suifice — it is claimed 
for this system — to make a man a finished ornamental 
draughtsman, whilst the errors can be more rapidly 
erased than committed. One seeming disaclvantago 
of this plan is, that tlie permanence of the drawing is 
entirely out of question. Wo have said disadvantage, 
but it is more than questionable whether this should 
not be included amongst the advantages. For the 
youthful ornamental draughtsman may rest assui*cd, 
that for quite a long time to come he will not be 
able to draw anything worth keeping. His efforts 
will be weak, wavering, and wilful, and the per- 
manence of things possessing such characteristics is 
an evil under the sun. Preserving first drawings, then, 
is by no means a very desirable proceeding \ and it is 
one of the finest habits a man (whether artist or not) 
can get, to use an eraser, when necessary, without 
flinching. There is, however, always something, if 
rxot much, to be said on both sides of a question. 
And there is this advantage in keeping the efforts 
in drawing from the beginning, — that they afford, as 
it were, a record of results at various stage.s, and in 
this way admit of comparative observations being 
made as to progress. We know, as the saying is, of 
no end of oases where ” copies ** of all work are 
kept. Indeed, we may question if this be not the 
rule amongst the be^ masters of sohools of art 
throughout the United Kingdom. But perhaps a 


real drawback to the use of a slate may be found in 
the fact that the transition from slate to paper is 
not of the easiest^ and as in practical working, 
drawings will be on the latter material, it is de- 
cidedly better to become accustomed to use it as 
early as possible. One has, after all, to deal with 
paper ultimately, so one may as well get over any 
difficulty as to its use at the beginning — indeed, 
bettor, as time is in reality gained. For there is but 
little practical use in leiiming to use materials which 
are not, and indee<l from their nature cannot be, 
employed in the after practice of ordinary work. 

Tke. Cheap Cartridge Paper and Oharooal Pencil or Crayon 
Syitom for Elementary or Groundwork Leiione In Orna- 
mental Drawing. 

The chareoal-and-papor plan next claims attention, 
Mr. George Wallis and also Herr Kumpa are at one 
in recommending the studorit to adopt this method. 
Herr Kumpa tells us that The student should be 
supplied with paper of a coarse dewription. The 
pencils should bo charcoal, whicli has the double 
advantage of marking with a small prossiu-e, and of 
being easily obliterated, by which the pupil is com* 
polled to a light and free touch, and much piiper 
will be saved.'* Mr. Wallis snys, ” 1 approve of the 
char(!oal upon paper.’* We would, liowovor, advise 
the beginner in ornamental drawing to be careful how 
he follows the couiso rocominendod by our Di-osden 
authority — at least for the reason he gives. The use 
of charcoal, he affirms, will compel the draughtsman 
to a liglit and free touch,*' Now, if one could make 
anything like a reasonable calculation of the miles of 
good drawing-paper which have boon wa.sto<l by ** light 
and free touches,” it would make one pause before 
acting upon Kumpa’s advice, Tlie reader, who is 
here supposed to have some knowledge of the art of 
ornamental or freehand drawing, has most probably 
been requested at times to pass an opinion on the 
portfolio sketches and ” finished” pioturus of amateur 
artists. If his views of faithfulness in painting have 
in anywise ooincided with those expressed by good 
authorities, — if he has come to regard it <as an art, 
in the practice of which downright toil and immense 
experience arc essentials to success, — if, in short, he 
has begun to estimate the value of a picture by 
its nobleness of conception, and the amount of earnest 
labour expended upon it, ho will remem Ixjr the pain 
with which he witnossod the mortification of his 
amateur friends when he has tacitly con<lemncd their 
“light and free” compositions by abstaining from 
ptLssing judgment upon them. Do not let us be 
misunderstood here. “ Lightness ** and “ freedom " 
of touch, when they are the result of perfect mastery 
over the pencil, — a mastery which is only to be acquired 
by long continued and painfully concentrated effort,— 
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ar« admirable. Let an artist give the lightness " and 

freedom ” of a Gainsborough every kind of praise, 
by all means; for of him Buskin has said, '^His 
stroke was as light as the sweep of a cloud, as swift 
as the dash of a sunbeam/^ But when these things 
are said to be characteristics of the drawing or painting 
of one whose experience is bounded, say by t^t of a 
couple of years, one may very safely, as a general 
rule, condemn them and the system of which they 
are the result. So that one may with some degree of 
prudence refuse to adopt a material which promises 
^^ightnesB and freedom’’ of touch without that perfect 
mastery over the pencil above alluded to; and which, 
as a rule, can be got only by heavy struggle and years 
of difficulty. But perhaps, after all, Kumpa has been 
unintentionally overlooking the disadvantages arising 
from the use of charcoal. The fault lies partly in his 
erroneous statement ; but, we are bound to say, partly 
likewise in the material he recommends. Its peculiar 
softness and fmbility may fit it for rough sketches of 
subjects which have to be worked up in another 
material; but for the student to begin using it at 
the outset of his attempts at lino drawing is not 
only *noo rash, too unadvised, too sudden,” but it 
appears to us to be a pretty certain road to artistic 
weaknoss in work. 

The Pen-and-ink and Sorap-Paper Syitem for Elementary 
Work of the Ornamental Dranghtiman. 

The plan which Mr. Buskin recommends differs 
widely from the otlier two. He advises the student 
to supply himsolf with pen and ink and any old 
scraps of poper within his reach. In this advice may 
be traced, we think, the influence of some of Buskin’s 
noble principles of thought. “ Let us have,” we can 
fancy him sjtying, '*tho definite, the clear, the in- 
dubitable; givo us truth direct and unmistakable; 
but in nowise, good friends, forget that man has a 
weird strange soul W'ithin him, which will grope, it 
may be blindly enough, but will grope, nevertheless, 
after the infinite. Bemouiber this, in all things, 
courteous student. Cliooso pen and ink for clear 
blackness and clear whiteness. Choose them, like- 
wise, for minuteness and mystery.” Now, we have 
tried this plan of Buskin*s with something more of 
application than we have bestowed upon the two 
previously mentioned, and it needed but slight ex- 
perienoo to convince us that it was immeasurably 
superior to either the slate or the charcoal and paper. 
It is surprising to some who give this method a fair 
trial for the first time to note how definiteness and 
delicacy are within the limits of the pen’s capability. 
It possesses wondi'ous power of subtlety and mys- 
terious refinement. The slightest shades of meaning, 
so to say, in lines, are within its power of expression, 
and in this most important respect the other two 


plans will not bear with it a moment’s comparison. 
And the expense is next to nothing. We t hin k very 
highly indeed of Mr. Buskin’s system, and commend 
it to the careful consideration of the student, 

Iks Blaok-lead Psaoil aid Drawing Paper Syitem ftnr 
Beginiem in Ornamental Drawing. 

The good old-fashioned plan of black-lead pencil and 
paper we shall treat of lastly. These ore the materials 
which we suppose some of our oldest readers, whose 
heads are growing gr^,'* used when learning to draw 
at school in their early days. One can recollect 
how the miserable trifies of well-thumbed drawing 
copies” — the only ones obtainable by the pupil in 
those times when the '^press’’ had done so little— 
were handed round without much reference to indi- 
vidual capacity or idiosyncrasies. With reference to 
this black-lead pencil plan, we may say that our 
opinion is favourable ; but that in those oharaoteristica 
which we have named as belonging to the pen, it 
fails to attain to the pen’s excellence of fiowing soft* 
ness and distinctness. Now, the plan we would re- 
commend the pupil to adopt in the study of ornamental 
diawing is that in the earlier stages of practice the 
black-lead pencil should be used, till some firmness and 
facility of execution or handling be attained. This, 
however, does not prevent the pupil from using the 
pen and ink afterwards, when greater subtlety and 
intricacy are required than are expressible by this 
material. He will, of course, accustom himself to the 
use of pen and ink, whilst at the same poriod of hie 
practice ho is also busy with making the curves and 
lines in black-lead. Let progress in the mastery of 
the two be carried on simultaneously •^that is, if the 
two be used. 

The Sind or Olaii of Uateriali the Btndeat li to be provided 
with. 

The pupil is supposed to Ivave provided himself 
with an F or H B black-lead pencil — costing from 
one penny up to fourpenoo or sixpence, according to 
quality — a sheet of cartridge-paper, which may be 
had for twopence, and a small drawing-bocLrd, the 
cost of which need not be even a shilling, or at the 
most eighteen pence. The cai'tridgo-paper is stretched 
on the board after the following fiishion : — Damp the 
paper on both sides with a sponge dipped in quite 
clear water, and afterwards smear a little common 
glue, or sti*ong dissolved gum arabio, along the edges, 
about half an inch in width. Lay the paper, after 
it is again surface-dry, on the board; and place it 
thereon exactly square, or as nearly so as possible, 
and then with a sponge press it gently down on 
tho board, Let it lie, then, for say a couple of hours, 
when the paper will be found dry, stretched, and 
ready for use. 



29 


TEE FACTORY OR MILL SAND AS A TEOENIQAL WORKER, 


THE FAOTOBT OB MUX EAED AS A 
lEOHHICAL WOBEEB, 

THB OBOA271ZATIONf GENEEAL DuTIBS, AND SPECIAL 
WOBE OF THE STAFF OF FAOTOBIEB FOB THE PEODUO- 
Tio N OF Sfto and Woven Goodb-tuat la, **Tabn** 
AND Cloth”— AND those chiefly in Cotton and 
Wool— Genebal Dbbobiftion of the Yabiovb Pbo- 
OEBaSB OF Manufactube. 

CHAPTER I. 

XBtrodttetioB«-*Widt Yarlatif of Nabriei la irliie^ Cottoa 
1 b Xmployod. 

Qbeat Britain ia, and has been, the seat of the 
cotton manufacture in all its branohes, and it may 
be called the birthplace of textile goods in cotton — 
the first and by far the most important of her textile 
manufactures, and to which, therefore, we direct 
our first attention. The enormous population em- 
ployed in the preparation md finishing of this 
material gives it the loading position in this coun- 
try. Cotton yam, in its entirety, is largely used 
in the fonn of calicoes, piints, fustians, velveteens, 
etc. It is alsc> made use of in the worsted districts, 
os a matoritil for mixture with worsted goods. When 
prepared for that purpose it is strong, and therefore 
used in the longitudinnl parts of cloth — termed 
technically ” tlie warp ” (see a succeeding chiipt<'-r on 
^‘Weaving”) — in the weaving of goods such as are 
manufactured in the district of Bradford, in York- 
filuro, mixed witli goods — such as alpa-cas, mennos, 
cashmeres, coburgs, etc,, etc. Cotton yams for 
the “warp” are therefore in considerable request 
in the woollen manufacturing distiiots, being 
used mostly in what are denominated “common 
goods,” and in fancy cloths, such as at present 
are fashionable, and have been for many years 
post. Cotton prepared for this purpose, being strong, 
bears a great pressure or tension in the weaving, 
which makes it so well adapted for such goods, and 
it has the further advantage of being produced at a 
low price. “Cotton waste” (i.e. the inferior jMirt 
which is taken out of cotton, short and coarse, whilst 
it is undergoing the processes of carding and spinning) 
is very freely used in the districts whore inferior 
manufactured materials in wool are made ; and it is 
used along with the short wools in the first process 
or preparation, and is thus thoroughly intermixed. 
Cotton in the form of “warp twist,” or yarn, is 
also employed largely in the Nottingham manufacture 
of laces, nets, etc,, etc, ; and in the same form it is 
also used largely in the silk manufactures. In the 
wonted, woollen, and silk manufacturing, the cotton 
thus used is hid by a process of weaving which 
tkrowB up the worsted, wool or silk to the top (the 
face side). 


looalitiBi ia which th# Oottoa XannflsotTue ii carriaS oni 
Lsnoaihin its Chiaf Seat. 

It will thus be seen in what various forms cotton 
yams are employed, and therefore it will be clearly 
understood why the cotton trade employs its millions 
and why it should stand in such a prominotit position 
and take the lead of all other manufactured fibrous 
materials. We may say, if we take a district of 
twelve miles (all round Manchester), that in cotton 
spinning and manufacturing its trade vill, in its 
value, exceed that of the whole world. Certainly, 
if we take the whole of Lancashire, we might safely 
make this assertion. This trade in cotton is really the 
staple business for Lanoaslure, for which may be said to 
exist all the other trades — such as bricksetters, joiners, 
engineers, millwrights, machinists, in all branches, 
and a score of otliers, to furnish the various materials 
— as, for instance, rope or twine makers, belt monu * 
faoturers, etc,, oil and tallow merchants, cotton 
merchants, waste dealers, and sundry other dealers 
in the various materials os they are oast off, together 
w’ith all such articles as are again worked up in 
the Lancashire district, All the worn-out or cast-off 
materials used in the cotton tnvdo, as well us all cast- 
off articles in any other hraiich of trade, find a iiwirkot 
rwulilyj and the various matters in mid about the 
works of cotton mills ai-o not wasted when cast on 
ono side, but are used for more inferior goods. Take, 
as an example, cotton waste, wliich is iiio inferior or 
refuse part got out of tljo raw cotton. When it is 
carded or spun (i.e. biken througli till tlio ordinmy 
piveesses of the raw oolUin), being of a coarse, dirty 
nature, it is made into coarse yarn suitable for cjir- 
pets, candlO“Wi(0cs, etc., et({, ; and is nlso, as wc lia^'c 
stiid, not uncommonly mixed largely in witli common 
articles of the wool inanufmjtured goods. Some of 
the worn-out materials belonging to the cotton- 
spinning and manufuctiiring will bo moi-e 

minutely treated of tis w^e pi*oceciI. 

In a succooding chapter we sluill give a brief 
description of the numerous towns in LancjaHhii’e 
engaged in the cotton manufacture, wiLli a statement 
of the peculiar classes of goods f<u‘ wliich tliey are 
noted. And from this, in the im.TO extent of the 
list, the reader will be able to form some corKjeption 
of the gigantic nature of the cotton triulo ciarried 
on in the districts clust.(.Ting round the great city 
of Manchester as a centre. And although lie will 
fuHhor be lielped to come to a more accurate notion 
respecting it when we tell him that the towns 
which make up the body of the cluster os a wliole 
are in themselves large towns, many with sotne 
tens of thousands of inhabitants, tin’s will still 
convey but a very inaderjuate idea of what the res] 
state of the trade is. We have just said that these 
clustering towns ore largo; hut they are very small 
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compared with the vnet city which forms their centre. 
This city, like a gigantic wheel, is year after year 
extending the length of its numerous arms, till they 
are touching town after town, the locality of which 
but a few years ago was deemed by the inhabitants 
to be such as placed them in such a relation to 
the great town ” that they could well claim that 
separate corporate eadstenoe which seems now in 
danger of being absorbed by their mightier neighbour. 
Nor does all we have stated exhaust the field of the 
cotton trade. Although its real centre is Manchester, 
Lancashire does not monopolise the whole of it* 
Here and there— as at Derby as a centre, and as for 
north as Oarlisle — cotton factories not a few, taking 
them in their aggregate, ore to be met with in other 
counties of England : even London, the characteristics 
of which are somewhat if not essentially different 
from those of the manufacturing towns of Lanca- 
shire, can boost of at least one pure cotton factory. 
But wo must leave England and go much farther 
' north than oven Oarlisle before we can exhaust the 
localities in which the cotton trade flourishes and 
forms an important factor in the general sum of 
national prosperity. In Scotland we find that busy 
seat of trade and commerce, Glasgow— beyond doubt 
the second city of the empire in population and in 
wealth— contributing largely by the number of its 
factories to the general aggregate of those of Great 
Britain, taken as a kingdom. 

We shall now take up the various departments of 
the work done in a fatjtory for the spinning of the 
yarns used in tiio weaving of cotton cloths, or as they 
are very generally termed, calicoes ; pointing out the 
nature of this work, and detailing the duties of 
those liauds who attend to it. Previous to this, 
however, it will be well to give a few remarks on the 
material itself. 

The Uaterial from which CaliooM aro Hade, 

Cotton is a vegetable downy substance found in 
the seed-pod of a tree called a “ cotton-tree,” Tliis 
is very extensively planted in Ameiica, Egypt, and 
India,* and although we receive small quantities 
from China and other parts of the world, the above 
countries are those we so largely depend on for 
our supplies of the article. The pods of a cotton- 
tree may be likened to the buds of a rose-bush. When 
they begin to open, like the rose-bud, then the 
pickers, women and children trained in this branch 
of work, go through the plantations, and pluck the 
cotton and seeds of those that are ripe, leaving 
the husks behind. The cotton as it is gathered is 
fall of moisture, and therefore requires dr}"mg. The 
cotton with the seeds thus gathered are exposed to the 


sun until they are quite dry. As they are gathered 
after being dried they are operated upon by a machine 
called a ''gin.” This "gin” causes the seeds to be 
separated from the fibres of the cotton. We must 
say that all the seeds are not taken out of the fibres 
of the cotton, but only comparatively so. This "ma 
chine-ginning” is the only operation through which 
the cotton has to pass before that of packing it into 
bales. When they arrive in this countiy they are 
known by every schoolboy as bales of cotton* The 
cotton from America and Egypt is enclosed in coarse 
wrappering, and is so closely packed by machinery 
and with the aid of a little water occasionally put 
in the bales while being packed, that though small 
in bulk it sometimes reaches the great weight of 
seven hundredweight, or nearly 800 lb. LDce all 
other articles which are imported into this country 
from distant parts, it is sent very often by sailing 
ships, the carriage by such ships being less than that 
by steamers, and articles of this kind not being of 
the importance of some goods, which would deteriorate 
seriously by a long voyage. Lendon is not reckoned 
generally as a cotton port, though we have had cotton 
many times which has been bought in that market. 
Liverpool is the true market for cotton of all growths* 
Hie cotton broker knows the district wliere it has 
been grown by the name which is given to it. Eor 
instance, .Brazil cottons are distinguished by the 
names of Maranham, Pernambuco, Para, etc, Ootton 
brokers not only know readily the places where the 
different varieties are produced, but they can desoril)e 
the quality very accurately; just os we often speak 
of West of England woollen cloth, that district 
having the reputation of producing tlie best cloth 
made in England* 

QtttUtiei of Cotton mod for Different Olaiiei of Coodi, 

Indian end Ameiican cottons are principally bought; 
to make the general class of calicoes or coarse goods, 
for whatever purpose it is employed in. The 
Egyptian cotton varies very much in its quality, 
but is nevertheless used in some cases with and for 
the same purpose as that from America. A low 
closs^ of yarn, say " 40,” is made from the coarse 
quahty, and all intermediate counts of yarn are spun 
from that number (40») up to 160** In addition 
to the fine yam, as it is termed— 160“ being made 
from the finer qualities entirely — we would say, and 
that from experience, that 200 yarn is, spun from 
a mixture of fine Egyptian ootton with others of 
a still finer quality* Ihe next fine, nay, we may 
say the finest, cotton used is that commonly called 
" Sea Island.” All the very best and the finest goods 
are made fi*om the " Bourbon ” and " Sea Island.” 
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THB MAOEnn XASEB OB OEVSBAL 
KAOHIVIBT. 

Sfboul Examples of sib Wobe--It8 Lbadiko Tbos- 
XZOAL PBIXOIPLBS AKD DetAIU* 

CHAPTEE L 
Introdttotion. 

Sous one has made the remark that our country 
owes its wealth and power to its machinery. Like all 
sayings of the kind^ which limit the creation of a 
certain position to one influence only, overlooking 
all other influences; this, while in its nature esnig- 
gerated and paradoxical, contains nevertlioless much 
that is absolutely true. For if one more or leas closely 
examine the varied powers wliich have ministered in 
times past, and minister now even more decidedly 
than of old, to the wealth and position of our oountiy, 
one is constrained to confess that machinery possesses 
not tlie least influential of positions. For the more 
closely wo look into what may bo called the inner life 
of even those branches of commerce which seem at 
first sight to have but little connection with macliinery, 
we find lliat in reality they arc dependent upon it, 
—that without its help tlioir business would be at a 
standstill. And so fur »,s trades gonerully aro con- 
cerned, it is diflicult to find one, which in one way 
or another is not largely dependent upon what 
machinery does for ilie details of its work. But if 
we turn to special branches of trade, we find that 
they are wholly dependent upon machinery, which in 
mility constitutes tho only power by wliich they exist 
and by whicli tlio wealth of the country is so enor- 
mously increased. We need only refer to the textile 
manufactures in proof of this, or what aro more 
widely and popularly knowm as tho cotton, tho wool, 
the silk, and the fiax trades.” 

Manual Labour the Charaotoriitio of the Early Period! of 
Kanulhotnrlng Induitry. 

At one period in the history of our country such 
limited work as was done in the making of the fabrics 
which constituted either the necessary or tho luxurious 
clothing of the people was done almost wholly by 
manual labour. But oven in those, the days of primi- 
tive simplicity of work, machinery, or at least simple 
forms of mechanism, were used. Without them, indeed, 
but little progi'ess would liave boon made, notwith- 
standing the doxteiity of the luinds and the accuracy 
of the eyes that formed such striking features in all 
trades, which then were much more accurately defined 
as, or termcal, manufactures (see the “Cyclopaedic 
Dictionary of Technical Terms” for the derivation 
of this word) tlian they are now, when the hand 
does so little and machinery so much. The very 
term, indeed, indicates that the work of our textile 


trades was almost wholly dependent upon the manuat 
skill of the workmen and workwomen employed in 
them. And it is curious, as it is suggestive, to 
observe as indicative of the high position which the 
textile trades occupied in popular estimation as the 
power which ministered so much to the well-being 
of the community, that the term manufactures was 
applied almost exclusively to the products of our 
textile trades, and the term “ manufacturer,” as indi- 
cating a calling or trade pursuit, was applied only, as 
it is still understood to be, to those wlio were engaged 
in their production. Nor need surprise be oxpi^ssed 
at this ; for in those Ofirly days, as now, next to the 
supply of food, that of clothing occupied tliO highest 
position in tlie estimation, and demiindod tlie highest 
skill of man. 

In glancing at the influence which miicliinory Las 
exei'ted in creating the wealth which has in turn 
given the power that has pliuied u« at tlio head of 
all nations of the eartli, we aro more than justified 
in rofovring to our textile trades as tlie most striking 
example of what that mncliincry luis done for us. We 
have said that for long tho w'ork of those trades was 
done almost wholly by liand, the mechanical liel^js 
which the “ hands " posso.s^;od being of such a simple 
character that they were more worthy of tho name 
of appliances than of machines. And it is curious 
again to ohsorvo here that the rcmemhraiKio of this 
condition or state of matters is porpetua tod in tho term 
“hands,” whicJi to this clay is iiKSual to doiiote tlio 
workpeople employed in our cotton (and other cloth 
or textile fabricj) mills and factories. And although 
the term has now got an oxtoiiilod application, being 
used to denote the workers in otlier ostablishments, 
it is still nndorstood to apply speciially to those of 
our textile trades. 

MaoMne Working gradually Introduced ai a Bubetitate for 
Manual Labour in Manufacturing Induitry. 

But as our population and our wcaltli multiplied, 
and os the spirit of commercial or trade onterpi-iso, 
which is the special characteristic of the Anglo-Saxon 
race, increased and was extended in ever-widening 
circles, the simple mechanical appliances Niilficod no 
longer to meet the gi-owing demand for tho textile 
fabrics which constituted the clothing of our own 
people and those of other countries who wore hut too 
eager to avail themselves of such scanty supplies as 
we could then spai-e fi-om our own stock, Inventors, 
with some insight into, others with a romarkahio pre- 
science of, what the trade might bo and oouhl he made 
by greater helps to production, bent tlieir mindc t(> 
incretxsG this by tho aid of machinery. Simple as the 
appliances were, enough was known of their power in 
giving a production, which without them would have 
been altogetlier inadequate to meet the demand for 
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the neceasary clothing of our oini people. Bo that 
there was every reason why men of an inventive 
turn of mind should apply themselves to find out 
mechanical helps to work which* from their superior 
•arrangement and design* would be entitled more 
dearly to be classed as machines than the simple 
appliances which they were intended to supersede. 
In process of time* machine after machine was in- 
vented* made, and applied practically to the textile 
trades, till now we find that the minimum amount 
of manuol labour is required to produce our textile 
fabrics, as compared with the period when machinery 
had comparatively no existence. But complete as the 
revolution has been wliich has substituted the work 
•of untiring mechanism for that of manual labour, 
which at the best can give out only a limited power* 
the desire on the part of our . manufacturers to still 
further do away with the necessity to employ manual 
labour is such that the chief work of our machinists 
may be said to consist wholly in the invention 
and manufacture of labour-saving contrivances and 
machines. 

‘OiroTuaitanoea which xuade the Introdacticii of Kaohlnory 
into UanufkotorlxLg Induitry a Work eztendlxLg over a 
Long Period. 

But wliile almost every one is acquainted with the 
fact that our groat textile trades are now earned on 
by the aid of maehinory almost alone used* workpeople 
or ** hands being employed chiefly to look after its 
working, it is only those who know the inner seci*ets 
or history of the tra<les who are awaio how long it 
was before machinery could be applied practically to do 
the work of the men and women who at one period 
did it all, or nearly all. It was not that inventive 
genius was not forthcoming to devise machines more 
or loss elaborate to perform the work before or then 
l)eing done by hand* more or less intricate in its 
iharocter. On tlie contrary, machines were invented 
at a period so early that they may with all truth be 
«aid to have been designed before they could be imde 
so as to do the work practically. This may appear a 
•straxige statement to some, and to many its meaning 
will not be at all understood. Tlie position may bo 
thus simply stated. The macliines invented by the 
real founders of the modem textile trades* such 
as Paul* Hiu'gi’oaves* Compton and Arkwright* being 
designed to supersede manual labour* the mechanical 
movements wliich bad to copy the dexterous and 
deft movements of skilful fingers* aided by sharp, 
intelligent eyes, were necessarily of a more or less 
complicated character. And being so, they demanded 
for their practical embodiment in machines which 
would work* the exercise of high constructive and 


mechanical skill on the part of the machine makers 
who had to construet them. They on their part had 
manipulative dexterity enough, — and, indeed* it may 
be said that a far higher degree of xzjnay manual 
skill existed generally then than exists now amongst 
mechanics. Nor need this be matter of surprise, 
seeing that it was the mere dexterity of the hand and 
the accuracy of the eye to which they ^had to trust. 
Now-a-days the great majority of the operations of 
a machine-shop are done with precision and accuracy 
by machinery* all of which hod to be gone through 
in former days wholly by the band. And the reason 
is not far to seek. The mechanics at the ime we 
have referred to* when ingenious invention after 
invention succeeded each other with astounding 
rapidity* possessed few tools; and of what may bo 
called machine tools they possessed, say* but two— 
namely, the lathe and the boring brace— and these in 
arrangement and construction were of the simplest 
and the rudest. 

The Early Work of Kaohlniita — Tool Making and Maphlne 
Tools by which Haohlnes are made^Material of which 
the Early Machines were constructed. 

What machinists had to do at the period to which 
we are referring was not so much to increase their 
constructive or manuol dexterity as to devise and to 
make tools by which they could render that dexterity 
more widely available in the construction of the 
machines wliich the textile manufacturers and in- 
ventors of textile machines presented to tliem* and 
so urgently required of them. It was not* however, so 
much in the way of devising and making ‘'hand 
tools ” to meet tlie demand for a far higher chiss of 
machinery than they had ever befoi’c, as a body* been 
called upon to make. For this machinery, not merely 
in tlie multiplicity of the parts* but in their dolioa^ 
adjustment* necessary to meet the requirements 
demanded where the dexterous and nimble move- 
ments of the human hand guided and controlled by 
the human intelligence had to be imitated by machines 
alone, necessitated the employment of new materials 
in its construction. Up to the period of which we 
write* nearly all machinery was constructed of timber; 
at least, timber played the most important part in 
its make. This is easily accounted for. We have 
said that hand tools were few; machine tools could 
Bcaroely be said to exist, with the exception of 
the two rude and largely inefficient ones we have 
already named. And the tools* such os they were* 
were almost wholly fitted for the working of timber. 
The case assumed a totally difibrent aspect when iron 
and the other metals* as steel and brass, began to be 
used. Amd their use was* indeed* imperative* 
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TEB TOXTEG ABOHIIEOT OB BVGZNBBB. 

His Studibs— Opfiob Duties— and Pbaotical Work in 
THE Preparation of Working Drawings, of Specifi- 
cations, AND OONTRAOTB FOR WORK, 

CHAPTER I. 

Introdnotory. 

Under this title we propose to lay before our readers 
an account of the studies, practical, theoretical and 
historici^il, which the student must master to enable 
him to practise os an architect or as an engineer. The 
paper is intended specially for two classes of readers, 
First, those fresh fi’om school or college who desire 
to join one of these professions, and who probably 
possess only very vague ideas of the arduous and 
anxious duties they will be called upon to perfonn, 
and of the prolonged and varied sttuly to which meny 
years must be devoted. The second chiss comprises those 
who have already entered the office of an architect 
or engineer ; and who are anxious to take the fullest 
advantage of such opportunities as will there be placed 
within their I’cach, and to supplement tliom by careful 
and well-designed study at home. Some of the first 
class may probably fool that tiiey do not possess the 
necessiiry ability and porsovorance, and may by the 
perusal of our papers be thus saved both disappoint- 
ment and loss of time. For details of the various 
subjects mentioned, the reader is referred to special 
articles under titles such as — *'Tlie Building and 
Machine Draughtsman," ** Tl»o Domestic House 
Planner,” etc. Technical terns, whenever used, will 
in the first instance l>e ciarof Lilly explained ; and as it 
is of course absolutely impossible for the professional 
man to do without them, the student is advised to 
commit them to memory. This will be greatly facili- 
tated by frequent intereourse with other students, and 
by daily visits to buildings and engineering works 
whilst they are still in the contractors' hands. 

Arraiigement or Dlvlflion of tho Bubjoot. 

It might at first bo supposed that the subject of 
office work and study would be all the better discussed 
under two heads, one applicable to Architecture and the 
other to Engineering. While certain advantages would 
flow from such an arrangement, still, as so large a 
part of what may be called the “ office life " or the 
“articled term" is made up of work and duties 
C 077 i 7 m>n to both architects and engineers, while of 
so much of what is home study the same may be 
said — by treating them together we shall at least 
obtain the great advantage of economy of space, 
consequent upon a concentration which avoids a repe- 
tition of pretty much the same thing, which would be 
necessary in each paper if the professions of archi- 
tecture and engineering were discussed separately. 
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And the whole will be so treated that those com- 
paratively limited points referring specially to one as 
distinct from the other will have that distinct place 
afibrded them w'hich will not cause any confusion 
between the two. 

Diitinotion between the Work and Dntiee of the Arohiteot 
and thoie of the Engineer. 

It is in the first instance, therefore, necessary to 
point out wherein the architect differs fi'om the 
ongliioer, what works are designed and erected by the 
one and what by the other. Briefly stated, all works 
in which construction is subordinate to design are 
architecture!, and those in which design is subordinate 
to construction are engineering works, Every archi- 
tect must be proficient in construction as applied to 
buildings ; but design and proportion arc the features 
of his work by which his merit as an architect is 
judged. To the engineer construction is paramount, 
design and proportion being only j’cquirod in excep- 
tional oases ; and as the young engineer is rarely 
onoouragod to cultivate an ability lo design or lo 
train tho eye to a true appreciation of proportion, 
most attempts at design on the pirt of enginoers are, 
from an architect’s point of view, o’udo and faulty. 

Claiiei of Work or Bulldingi wMob tbe Arobiteot Deiigai, and 

tke Sreotion of whlob ke !■ oallod upon to Bnporlntend. 

The buildings whicli tlio architect may bo called 
upon to design may be arranged into live groups. 
1st. Places of public worsluj) (clnirch-work); from the 
dawn of civilization to tho present time, amongst all 
nations and in all countries, the greatest arcliitcctiiral 
talent and skill have been called forth by and devoted 
to their oroction. 2nd. Buildings of every variety and 
size intended for tho liabitation of man (domestic 
work) ; these form undoubtedly tho most important 
greup, an<l sliould bo studied with special care, as 
every arcdiitect is probably called on to design build- 
ings of tills description in tlie course of his pi-ofessional 
career, and any shortcomings must cause tho utmost 
discomfort and probably loss of health to all those 
whose misfortune it is to inhabit Iioukch badly planiiod 
and constructed (see a special paper on this import- 
ant department, “The Domestic House Idanner”). 
3rd, Public buildings for utilitarian purposes, such as 
schools, hospitals, workhouses, asylums, and prisons ; 
the preparation of plans for buildings of this group 
requires special knowledge, and experience on the part 
of the architect, who must not only be acquainted with 
all the legal enactments referring to thorn— which in 
some ca^es, notably lunatic asylums, are very stringent 

but must also be familiar with their internal 

economy, system of management, classification, etc. 
4th. Warehouses, factories, markets, banks, and build- 
ings of every description intended for commercial and 
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manufacturing purposes; this group is of compara- 
tively recent origin, and has become in large towns 
and seaports of the utmost importance; ironwork is 
a special feature in their construction, and one that 
the student of architecture must study both theo- 
retically and practically. 5th* Miscellaneous group; 
this includes government and municipal buildings, 
museums, theatres, monuments, etc. It is scai'cely pos- 
sible for the student to become thoroughly conversant 
with tho I'equirements and details of each of the five 
groups; he is advised to select one of them and to 
devote tho greater portion of his time and energy to 
its study, and to obtain a more general knowledge of 
the others, which, of course, cannot bo complotely 
ignored. 

OUiiei of Work or Struoturei tho Engineer Deilgne, and the 
Eneontion or Erection of which he Lirecti and Saperintendi. 

Tho term ** Erjgineor ” is a very comprehensive one ; 
the profession is di\'ided into a number of distinct 
groups. TJie student must woloot one, and devote the 
whole of Iiis attention to it, Ist. Civil Engineering, 
whicli includes railway, mining, dock and harbour 
works, water works and supply, sanit4iry and sewage 
works, the erection of i-oofs, bridges, etc., formiition 
of roads, and a groat variety of miscellaneous work 
involving masonry and iron construction. Tliis group- 
is so extensive, and includes such n variety of work, 
that civil engineers generally devote the whole of 
their attention to wluvt may be oiilled one sub-group, 
such os railway work or mining. 2nd, Telegraph 
Engineering. Tins has become a most impoi*tant 
group within the last few years. It of course includes 
the laying of deep sea cables, to which a special ai‘ticle 
will be doN^oted. A practical as well as a theoretical 
knowledge of electricity and its appliciitions is abso- 
lutely necessaiy, 3rd. Gas Engineeiing, This is 
a comparatively limited hut distinct group. 4th. 
Mechanical Engineering. This, like civil engineering, 
may be subdivided into a largo number of sub-groups, 
such as locomotive and engine work, spinning and 
weaving machinery, hydraulic machinery, etc. 6th. 
Military Engineering. This, like the .third group, is 
a comparatively limited one, but, unlike most of the 
others, has a histoiy extending far Iwick to remote 
ages. 

The Syitem of Study of the Toung Ai*ohltoot tad Engineer. 

Assuming that the student has made his selection, 
a brief account of the system of study in vogue in 
this country will now be neoessaiy. It differs from 
that on the Oontinent, where there are technical 
schools for students of architecture and engineering, 
at which a number of years must be devoted to 
theoretical study before the practical work of the 
office is commenced. In this country, on the other 


hand, the beginner fresh from school or college is 
thrust into an office, in the majority of cases without 
any preliminary theoretical training, and allowed to 
pick up knowledge as best he may. There are, 
of course, exceptions to this objectionable system. 
Jjondon has its King’s College, Crystal Palace School of 
Engineering, and tho recently established Technical 
Institute, of which the large establishment at South 
Kensington may be considered the central college, 
as well os numerous classes for tho student of 
architecture. In several large towns there are also 
opportunities of obtaining theoretical knowledge — in 
the Technical Institutes established recently, os in 
Manchester, Bradford, and clsewhoro ; but those who 
take advantage of them are in the minority, and 
will probably continue to be so until a compulsory 
examination is introduced which every student must 
pass before ho can be allowed to practise as an aTOhi- 
teot or an engineer. We earnestly advise tlio student, 
if he has the opportunity, to devote not loss than two 
years to preliminary theoretical study before com- 
mencing work at the office, which should extend over 
at least four years. When this is impossible — which 
will necessarily be often tho case until technical sohooU 
exist in every large town — the student should supple- 
ment tho work of the office by private study during 
his leisure hours. Advantage slionld in every case be 
taken of tho scliools of art, more especially by tho 
young urcdiitect, to perfect himself in freehand figure 
drawing and perspective (see “Tho Ornamental 
Omughtsman,” and the paper on “ Form and Colour 
in Industrial Decoration”); water-colour painting 
should also bo studied. The extensive, highly inter- 
esting, and instructive literature of ai'chitoetiire and 
engineering should be carefully road, and every 
opporiunity taken of fomiing a small and well-selected 
libraiy of professional books. Tho still more oxtetisivo 
range of Continental technical literature should not be 
overlooked. To this special allusion 1ms been made 
in our opening paper, “Technical Education in re- 
lation to tho Pi-esent Condition of our National 
Industrial Work,” to which wo lefer the reader. Tho 
young engineer must devote a poriion of his time to- 
the study of mathematics. 

We may conclude these preliminary remarks by 
suggesting that it is not desirable that the student 
should be immediately articled, A few weeks spent, 
in the office before this is done Avill not be time wasted,, 
as it will enable him to familiarise himself with the 
use of the drawing board, to gain some insight into 
tho routine work of the office, and a last opportunity 
will be offered him of reconsidering the intention of 
becoming an architect or an engineer. If all the pre- 
liminaries have been satisfactorily arranged, the articles 
duly prepared and signed, the serious woik of the 
student’s career will commence. Bouiine ofiloe work 
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and the studies In which proficiency must be attained 
by students of both professions will now be described. 
As already stated, detailed information upon all these 
will be found in special articles, to which the student 
is referred. 

etasral Eontint of tho OlBoe Work of an Arohiteot. 

The newly articled pupil must not expect to take 
an active part in the business of the office for some 
time ; two or three months will elapse before ho lias 
familiarised himself with the daily routine work, 
even if he has spent a considerable length of time at 
a technical school and school of art, as he will find a 
wide difference botwoon the real work of the office and 
that to which he has boon accustomed. Of course his 
piogress will be more rapid with than without the 
preliminary training. As every architect must be an 
expert dmnghtsman, tho first duty of the beginner 
will be to acquire a knowledge of mechanical diawing 
and facility in the use of the drawing instruments, 
T-squai'O and set-squares. These subjects will be 
described in detail in separate chapters, under 
the heading The Building and Machine Draughts- 
man/* Particulars of ilio principles and pnictice of 
freehand di'awing, so essential to the artiliitect and 
builder, will be found in the paper entitled “The 
Ornamental Draughtsman.** This knowledge is 
generally acquired in this country by the persistent 
copying of office drawings: tho beginner is Uins 
enabled, whilst learning the rudiments of mechanical 
drawing, to familiarise himsolf with the work he will 
be expected to undei’tako later on. It is, of course, 
necessary to understand wliat the drawings copied 
represent ; this can only be done gradually. Whilst 
engaged on this description of M^ork know’ledgo will 
also be acquired (1) of the various processes through 
which each drawing must pass before it is considered 
complete; (2) of the variety of drawings lequired for 
each building or engineering work, from the first rough 
sketches to the full-sized details; (3) of the large 
amount of work required in each case, in addition to 
the diawings — such as the prepamtion of the specifica- 
tion quantities and contract. 

General Bontine of Outdoor or Field Work. 

When some expeiience of indoor office work has been 
acquired, outdoor or field work will be commenced. 
This includes levelling and surveying, measuring up 
builders* work, setting out buildings, superintending 
their erection, etc. At the end of eighteen months, 
or two years, the pupil may reasonably liope to have 
obtained a fair knowledge of both indoor and outdoor 
work, and ought to have become a proficient draughts- 
OM. Original work will then be expected from him, 
and his progress ought to be rapid ; but it will depend 
entirely on his own ability and industry. 


mrawiag^The Piimary Work of the Ofiee -PmaiiM or Btopi 
through whloh Drawings must go to ho Oompleto for 
Fraotioal Via— Fanoilling and Inking-in. 

Each drawing goes through at least four processes 
before it can be considered complete : it is in the 
first instance drawn out in pencil, and is kept in this 
incomplete state until all the others belonging to the 
same “ set ** have been prepared, so that any altera^ 
tions or additions may bo made with as little trouble 
as possible. Beginners are too apt to ignore this rule, 
only to find when too late that much of their work 
has to be erased and re-drawn, which can scaicely be 
done without injuring the surface of the paper and 
permanently damaging the drawing. The whole “ set " 
is then inked-in, and thus rendered permanent — a very 
tedious, though necessary process, as tlje drawings 
must be refen'ed to dtiily for a considerable lengtli of 
time, and if left in pencil would soon become indis- 
tinct and useless. The inking-in mtist take place in 
the following order : — First, all circular work iliat htiS 
to bo turned in with the compasses must l^e done ; it 
frequently happens, as in the cose of a richly moulded 
arch, that the centre is com])letely w’orn away, aud no 
hold cfin be obtained for the instrument — a small horn 
“ centre ’* must then l)e used. After the circular work, 
all the horizontal, and then all tire vertical linos must 
be inked-in ; last of all the outlines and sections of 
mouldings, the carving, figures, and all other freehand 
work. When this process has been completed, the 
whole drawing should bo sponged over ; tins is not nn 
invariable practice, but it is strongly recommended ; 
care must bo taken that tho water and the sponge 
should be perfectly clean ; when left to dry the draw- 
ing must be placed in a horizontal position, so that 
tliis may take place unil'ormly over the whole surface. 

The Oolouring of Office Drawing*. 

Tire next process is that of colouring : tire various 
matonals indicated on the drewing, as well as the sec- 
tion and elevation portions, must bo distinguished by 
different tints ; each office has its own system of colour- 
ing, whiesh is rigidly adhered to ; one is given below 
which will be found useful. The colours should bo 
applied as far as possible pure, so os to facilitate the 
matching of a tint if tho supply runs short. 

Decide what is to be coloured before commencing, 
and never leave a wash unfinished ; if the area to be 
coloured is extensive, care must be taken to provonl 
the edges from drying; if compelled to leave whilst 
colouring, finish if possible up to a lino, so as to 
hide the joint or edge. The applic*ition of a tint L- 
frequently facilitiited by mixing a slight quantity of 
ox-gall with the colour. Whilst being coloured tin 
drawing should be slightly tilted. All the brushes, 
colours and palettes should bo kept scrupulously clean. 
Always commence with the light tints ; when a largn 
number of diawings have to be cobured together, each 
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tint should bo oppliod in turn to tho wholo sot. Wlicn 
it is desirod to givo a colour ** body,” Chinese white 
should be added. It is useful to know that crimson 
Inke and other vegetable colours can be removed by 
means of dilute chloride of lime ; after applying it (by 
means of a BpeoiaJ brush), it must be i‘emoved with 
water and blotting papor* 

Oolonn used ia Offlos Brawingi to Indloati Difforont 
Materiali in EloTationi and Seotloni. 

sepia, generally finished with a 

lifit Pfljno's grey, doited with dark 

Ftkynei'n grey or ink. 

DuAiss.’^-Thick dark Prussian blue lines. 
BtticiiWonK.-^ A7(ira/ihn: A light mixture of crimson 
lake and Venetian or light red ; a distinction is gene- 
rally made between stock bricks and common bricks, — 
the former are generally coloured darker; for blue 
bi’ick apply a second tint of Payne's gi-ey. Sech'on : 
The same as for elevation, but darker — sometimes 
scored with diagonal lines in crimson lake. 

Stonework. — Ekvation : Light wash of yellow ochre 
or burnt umber ; flagging, light wash of Prussian 
blue. Section: Dark Pi^ussian blue dotted with 
Indian ink, or scored with dark Prussian blue; 
<birk Prussian blue. 

Woodwork. — JSkvation : Ordinary joiners* work, 
light burnt sienna ; bay wood, same mixed with crimson 
lake; oak, same mixed with burnt umber; cai*pon- 
ters’ work and all unwrought timber, light raw 
sienna. Section ; Same as for elevation, but darker ; 
generally scoi’ed diagonally in addition. 

Plasterers’ work. — Elevation: Light Payne's grey. 
Section : Dark Payne’s grey. 

Ironwork (wroucuit).— .* Light Prussian 
blue. Section ; Dark Prussian blue. 

Ironwork {OAST).---Elevittion : Light neutral tint. 
Section : Dark neutral tint. 

pLUMiiERs’ WORK (Glass).— ; Neutral tint, 
British ink or Prussian blue. Section : Same dai‘k. 

Plumbers’ work (Lead).— ; Light indigo. 
Section : Dark indigo. 

Slaters’ work, — Elevation : Neutral tint or indigo 
slightly mixed with crimson lake. Section: Same 
darker, 

For Surveys.— fi’ortdfi ; Footways light Payne's 
grey, roadways liglit burnt sienna. Water: Light 
Prussian blue with dark border of same. Grass: 
Prussian green. Sand: Indian yellow doited with 
crimson li\ke. Earthwork : Dark sepia applied with 
a dry bmsh. 

Dimension and section lines : Crimson lake. 

Hot water supply pipes red, cold water supply pipes 


blue, g&s pipes indigo and crimson lake mixed ; electiie 
bell wires yellow ; speaking tubes green. 

Large scions are only tinted in outline. 

The ** Tifnring of Offleo Brawlats, or Xudioatliig the 
<<])imeniioxis*’ of Yarioui Parti. 

When the colouring has been completed the draw- 
ings must be figured and written to ; this constitutes 
the lost of the four processes. The figuring of a 
set of drawings is very responsible work, and must be 
done with the utmost cai*e, as even a slight error will 
cause great trouble and ex}>enRe, and may fi'equently 
render large quantities of work, sueJa as cast iron and 
joiners' w’ork, useless ; it onnnot be done too much in 
detail, and should, if possible, be so arinnged as to 
check itself; this may be easily eSbeiod by means of 
two parallel sets of dimensions variously subdividing 
a given total length or height Two series of dimen- 
sions are required, vortical and horizoratal ; the former 
slioiild be woiked from a fixed point or datum line, — 
in the case of a building this may be a street level or 
some pemanent feature in an adjoining building; the 
latter should bo arranged, whoa:e possible, from centre 
lines or from a permanent base line. 

Thi ** Writing’’ or Titling of Office Brawingi. 

No drawing is cont^Jdered complete until the fol- 
lowing information has been placed on it, either in 
ornamental or plain black lettering, occjiwionally in 
ordinary writing. If the drawing is one of a set 
it must be numbered thus : ** Dmwing No. 5 ” : this 
is generally plotted in the right-hand top corner. A 
general title, uniform for the whole set, must bo 
conspicuously printed in large letters in the top 
left-hand corner or in the centre, thus : Proposed 
New Warehouse for Messrs. A, B. Co., Victoria 
Street, London," The scale to wliich the drawing 
has been prepared must be dated or drawn. Every 
part of the drawing must then be distinctly described, 
thus : “ Plan of Ground-floor," Dining-room,” ” Draw- 
ing-room,” “I^nd belonging to Estp” Any 

in^rmation required to make the dr'awing perfectly 
clear should be given in a side-note. A plain border^ 
line will complete the draw ing. 

Great Variety of Drawisgi required for Building and 
Sngineei'ing Works generally. 

The variety of di'awings that have to be prepared 
for every building and engineering work is veiy great : 
in most cases preliminary sketches, surveys of site, 
contract drawings, half -inch or inch details, and full- 
size details, are required. Perspective drawings or 
sketches, though very useful and desii*able, are fre- 
quently omitted. 
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the oeazieb and cattle BBEESEE AED 

yjJEDER. 

The Technical Pointb connected v ith the Yabieties oe 
Bbeedb of Cattleo^Thbib Breeding, Rearing, Feed- 
ing, AND General Management fob the Production 
OF Butchebb' Meat and of Baibt Produce, 

CHAPTER I, 

Introductory. 

While many branches of what has been called our 
national industry are possessed of numerous points of 
great technical interest, and present no inconsiderable 
claims to the attention of the social and political 
economist from the moans of livelihood they aUbrd 
to a large number of people, they cannot noverthe- 
lesB be said to be of pi-imary importance. And this 
inasmuch as many of them are concerned chiefly 
with the production of objects which, if they do not 
purely minister to luxury, at the best and highest 
add to comfort or pleasure, but in such a inodified 
way as regards positive utility tliat they could be 
dispensed witli, without materially interfering either 
with health or what constitutes true comfort, either 
personal or houseliold. They ciinnot be said to be 
necessary to man’s existence, and liave only appeared 
at stages of his civilization where habits of luxuiy, 
or the fresh and ever forcible demands of fashion de- 
manded supplies of new objects and contrivances. The 
case is widely difTorent with iliose branches of naiurtii 
industry wliicli concei’n themselves with the supply 
of food, clothing and sheltov. Tlioso embrace all the 
arts and industries essential to man’s existence, with- 
out the products of which he could not liave obtained 
the physical advantages of wlint we call comfort, and 
without a suificientJy abundant supply at nil times to 
be depended upon, have made any marked advances 
in an improved and ever-improving civilization. Hence 
it is that to those essential arts and industries the 
closest attention has been paid, and it is in connection 
with them that the highest exercsise of man’s in- 
genuity has been displayed, and his most untiring 
energy given to secure their fullest development. 
And of all tlie wide and varied branches of those 
three great divisions under which the primary wants 
of man ai'e embraced, and which tlioy have given 
birth to, tlioso connected with the food of man have 
taken the first rank in the estimation of nations 
who have entered tiiion and have made progress in 
civilization. And of these, as of obvious neoosfidty, the 
work of the farmer lias taken the precedence. For 
the leading technical points of this wo have to refer 
the reader to the series of papers entitled “The 
Farmer as a Technical Worker.” 

Xnortsisd and Inoreaving National Importance of tba Work of 
the Graiier.-^Oeneral Statement of the ifode of Treating 
^ho Bnbjeot of hii Labonri In tho Fretent Seriei.of Fapors, 
In the proper place, while ti*eating of the practical 
points connected with the food required for the pur- 


poses of grazing, we shall have occasion to point out 
what are the circumstances in practical farming 
which have given such a marked prominence of 
late to the question of cattle farming as contrasted 
with cereal farming or corn growing. We shall then 
detail briefly how far the actual circumstances of 
fanning— or of land— are likely to minister to the 
success or otherwise of the now system so much 
advocated, and which may be expressed in the now 
well-known phrase “Gwiss land against corn-growing 
land,” and how far this is realised, or controlled 
and modified by the Jictual condition of our soils. 
Meanwhile wo at once proceed to name some points 
connected with our mode of treating tho goueral 
subject. 

From one point of view this forms an esiCiitial 
part, and should bo considorod within the range of, 
tho chapters of the paper entitled “Tho Farmor,” 
One of the most important departments of the 
technical work of the farmor is, in truth, that which 
concerns itsijlf with tho breeding, tho rearing, and 
the fattening of live stock, or, to use tlie more popular 
and moi'e gonorally understood i)ljr.iso, the domostic 
animals of tho farm. Strictly considei-od, the phrase 
“ live stock ” includes hoi-sos, but it more fi‘C(piontly 
is understood to mean iliose animals which are bred, 
reared and fattened for tho express purpose of being 
killed to provide animal food for onr teeming popula- 
tion, these animals being cattle, slicop, and pigs. In 
this view, liorsos and dairy-cows come under another 
category — although, after sci-ving ns pi-odiK^or of milk 
from whitdi butter and cheese are made, tho dairy- 
cow is usually set aside and fattened and killed, or if 
in good condition killed ofl' at once to servo i\s food, 
in tho same way as oxen or (iiitldo are killed, Another 
source of f(K)d is poultry. Tliis, however, in the usual 
economy of British fanning, docs not form ])art of 
its work, tlio British farmer somehow looking upon 
poultiy keeping, as this department is (ndl(;d, as a 
work altogotlier beneath tlie dignity of his calling. 
What is done, therefore, in tho way of providing for 
tlie wants of our population in tho matitT of eggs 
and poultry for the table, so far as wo ourselves as 
producers are concern od, is left almost wliolly to the 
chance work of those who farm in a very small way, 
and to tho large number of cottagers, an<l those 
resident in or near tlie noighhourhood of large towns, 
who take more to poultry keeping as a fancy or 
hobby, than as a moans of livelihood, or tho in- 
crotising of their income. Tlio farmer, as a general 
rule, keeps but a small flock of poultry, to which he 
pays no attention, leaving tliem to bo looked after by 
the female part of his household, or if neglecicMl by 
them, leaving them to look after them.sclves. As a 
rule, our people are supplied from the Continent with 
the great majority of the vast number of eggs they 
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ffom i^ntu * poultry k0opi]ig bdii&g tliora ooniidoffid m ofttik 'or tftttoiuxig oxoa^ dioop^ ood {dgi ; Mooad^ 
an art, to which great attention is paid, even by many Dairy Fhxluce,** inolnding the of dairy^oowi 
farmers who farm on a lai|[e scale* And inae- and, as a practical offshoot, the making of butter and 
much as, with rally greaterpractioal business prudence cheese; and third and last, Poultry Produce,*’ in- 
than is possessed by farmers here in this connection, eluding the care of fowls, ducks, geese and turkeys, 
they see that poultry keeping is a large source of Ooaiideratloiii bsarinff on the Builiitii of Orasiag at 
income, and can, if properly attended to, be made to ^orally dsilnod in our Titlt ; ai Biffbrent from that of 

pay as well as any other department of live stock. Ordinary Fam^iag or Goneral Hnibandry. 

Although at present a prejudice enists in the minds Looking, then, at this important department of farm 
of British farmers against the keeping of poultry, work from the above point of view, it would seem at 
we are of those who believe that as juster and more ffrst sight that its details fall to be considered wholly 
accurate views obtain as to what really are the within the range of the papers specially devoted to the 
general principles regulating the supply of food for work of the farmer. The great number of the details 
OUT increased and ever increasing population, this which come under the departments of farming, other 
department will take that place in the regular work than that of live stock, makes of nooessity the series of 
of many farms which the merely pecuniary intorests papers specially devoted to them a veiy long one. But 
connected with it demand and justify, but which place apart from this fact, there is this very practical point 
is not now accorded to it. Whether this is likely to to be looked at, and which makes the severance of 
be the case or not— and its truth will assuredly be the work of the grazier and cattle breeder from that 
disputed by many — it is, to put the matter in a of the farmer purely as such, something more than a 
somewhat practiml way, worth some degree of national matter of convenience as dividing the general subject 
effort, to produce ourselves by one plan or another into two great heads— eacli of wliicli will have a dis- 
those large supplies of eggs and poultry for which at tinot place of its own within the scope of our pages— 
present we are compelled to go abroad, and as a con- makes it, in fact, a very natural and a practical division 
sequence send there large amounts of money to pay or classidcation. The point here alluded to is this, 
for them. We believe that one of the l)eneJ6ts which In the earlier stages of the practice of farming — and 
will ultimately spring from the adverse circumstances not to go too far back, we may confine those to a 
under which British farming has of late years been period in our national history not much over, if indeed 
placed will be a strong conviction in the minds of quite up to a hundred years ago — the farmer in- 
those engaged in it as a technical calling, that its eluded within the range of his work every dejmrtment. 
pecuniary interests will best be served by taking He not only cultivated the diflei-ent crops then within 
advantage of ever^ source of income connected more his reach ; he had grass lands for meadows, and fields 
or less directly with the land. And in this acting on for pasture ; he bred, reared and fed live stock for the 
the truth of the general principle, that eocli depart- butcher, as fattening cattle, sheep and pigs, or was a 
ment will pay, but however (Jan only pay when the grazier. He bred and reared his own horses, and 
closest attention, and the most advanced practice is his dairy-cows, and the produce of the latter he 
given to it. It is in vain to expect good results mode into butter and cheese, or sold tlje milk, and was 
when care is not given to work, There is no sound thus a. dairyman ; and if he did not take up the 
reason why we should send yearly out of the country breeding and i-earing of poultry for the table and for 

large sums of money to purchase articles of food egg production, he always bred and kept more thaa 

which we can, if we choose, produce ourselves, and enough for his own wants, so that as a rule he sup- 

we venture to say produce as well and with as plied his neighbours. And all this at a period in our 

large a profit if only we pay attention to it. history when transport of materials from a distance 

Beyond all question, our farmers have lost sources was both so difficult and so dear that the supplies 
of income simply through lack of care in keeping from foreign sources upon which we now chiefly 
them, or through prejudices against them as vague depend were not at the command of the people. This 
as they are unfortunately potent in the way of style of farming is still practised, and is now known 
practical evil. as ‘'mixed husbandry,'* but it is practised only to a 

We sliall consider, therefore, the work of the grazier limited extent, and is entirely controlled by circum- 
under this important section in its most extended stances of soil, climate, and locality; for it is not 
sense, as a provider of animal food for the people. It every place where the system can be carried out. 
vill thus in our pages be connected with the three But as our population increased, and with it the wealth 
classes of farm live stock— namely, first, " Meat which increasing prosperity brought with it, the de- 
Produoe,** including in this, as its chief sources, mand for all kinds of farm produce increased also. 
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AbAena, «« Architecture. Tbe final or 
ap^moat member of the capital of a 
oolumn in one of the orders of arohiteoturei 
on whkh in Classical architecture tho 
Bntablatnre (which see) rests, or in Gothic 
architecture from which the Arches (whicli 
see) spring. In OltiHsical architecture, or 
what are called the Five Orders of architec- 
ture, the abacus is, in the Doric and Tuscan, 
a flat stone or tile, square in outline, 
with edges either plain or ornamented 
with mouldings. In the Ionic, Corinthian, 
and Oomponite Orders the abacus is square, 
but with each side hollowed out to a circular 
onrre, and the corners cut oH or truncated. 
In Gothic arohitecturo tho major portion of 
the capital being made up of folia^ or orna- 
ment, the abacus is the only part which 
admits of mouldings being displayed. Tho 
form or outline generally deierminoB the 
Gothic stylo or date of the capital, In 
the Norman it is square or plain, with tho 
lower part chamfered (which see). In the 
jffiarly English it is chiefly circular iu 
plan ; in the Decorated stylo it is either 
equaro, set diagonally, or circular, often 
octagonal. In the Perpendicular stylo the 
abacus is sometimes circular, but most 
frequently octagonal in plan. Eng. pron. 
abbey-kuBS orah-bay-kuss. Syn. Fr. Aftagw, 
or rotVfoif — ^pron.ah«baack. tah-eo-oh-oar or 
-eer— literally “ a trencher*' or “plate,” an<T 
this from toi/fsr— ^ron. tah-oe-^— 'to out, 
Oaire, or dress ; Ger. A hew or CapiiaU 
ploUCi or Platte einer Hdule—pron. ah-buck- 
UB, kap-ee-tal-plattay or -plattch, platteh 
iner sow-lay. 

Abattoir. A separato or detached build- 
ing set apart for the slaughtering of animals 
designed to serve as butchers' moat, with 
Ipemal oonvenionoes and appliances, Eng. 
pron. some as the French ; vu^rly various, as 
ah-bBt*ore or ah-batt-war. ^n, Fr. Adattoir 
—pron. ah-bah-twar or -tuah. I?er. From 
the French verb i&aftrs, to strike or boat 
down, and this from the Latin hatuCf I strike 
or beat down ; Ger. doe Sohlachthaw— pron. 
shlaght-house— the oh or gh with the gut- 
tural Bound (see Dissertation), hau pron, as 
between our word house and the Ger. //aui ; 
from ichlachtenj to slaughter. 

Abrevolr^ in Maeonry. The junction or 
unoturo of the faces of two stones, the 
nterstioe between which Is to be filled with 
mortar. 

Abtttmeatv in Masonry, The wsUs or 
piers at each side of an arched opening from 
which the arch springs and is supported, 
or upon which the ends of the ar^ abut, 
fyn, Ft. Arc boutant, or Are boutant euUe or 
heUtdCf or Aboutieeement— pron. ark-boo-tangt 
(ng loom nasally), kue-lay, buh-tay— oh-bu- 


teaie-mangh. Arc boutant means the ending 
of an aroh— from bout, tho end. CuUe moans 
a stom-wnr, also an abutment— from euZer, to 
go astern (koo'lay ). Buttile means abutment. 
Byn. Ger. der Brocktnkonff or AnstosSf or 
Sirebe^eiler-^pron, brocken-kopf, ann-8to««, 
Btray-b«li-filer. Brochmkopf^ from Brocken^ 
a fragment, and Kopfy ^he head, t.«. the head- 
piooc. Anuttois has a curious dctrivatiou--" 
from anstodien (anu-stoss-ain), to push on or 
agntnst, to stumble on-— that is, tiio AwioM 
is the stone which tho entablature above 
it pushes against. Str&brji/hiler is fi-om 
Strebe (stray-bay), a prop, a stay, a but- 
trosfl, and this from ttreben (stray-beun^, to 
struggle against or contend with. PJnhr 
is a pillar or pier, and this from fifdUrn 
(file-aira), to provide or furnish with plcrw or 
pillars. Anotner German synonym for abut- 
ment is pron. komp-forr— w-hlch 

lias a curious dorlvation, like Anstoss above 
named. Tho word means a fighter or com- 
batant— from Kampf (kamff), a struggle, a 
combat— t.e. tho stone which fights agaiimt 
the weight or j)rossure of tho entablature, 
its resisting piece. Another German syno- 
nym is Wideriayer’^pron, vee-dci'i'-lag-ciT — 
from wider, against or in opposition to, and 
Lager, a M, a couch, and this from hgern 
(lah-gairn or -gem— g hard), to lay down, 
to found, Der, The verb abut, to terminate, 
border, or meet, is from the French aboutir. 
to border on, to end, and this from u, at, and 
bout, the end or extremity of an object. 

Abntttag Joint, in Carpentry. Tiie junc- 
tion of two ploooB of wood or members of 
an assemblage of timbers or framing. In 
this joint the fibres arc, or the length of tho 
one piece is, perpendicular to the face of the 
.joint, and oi tho other member parallel to 
the joint. (See paper in text entitled “ Tho 
Carpenter” for ifiustrations.) 

AoantlinB, in Architecture, A plant the 
loaves of which treated in a conventional 
manner form the distingiiishing feature of 
the capital of tho Corinthian and Composite 
Orders In Classical architecture. Tho 
acanthus is tbe basis of a wide variety of 
ornamental forms used in tho decoration of 
objects in art manufactures. (Sec papers in 
tho text entitled “ The Ornamental Draughts- 
man,'' and “ Form and Oolonr in Industrial 
Decoration.'’) Byn, Fr. Acanthe^pron, ah- 
kanih ; Gor. Bdrenklau, which is the German 
equivalent of tho English name of the acan- 
thus plant— Bear's Breech, or “ the breech of 
the boar "—pron. bar-en-klow (from Bar, a 
bear, and Klau, a claw or clutch. The plant 
is also known as tho Brank Ursine. 

Aeeoii|»loiiieul> in Carpentry, A brace or 
stmt in a truss or tie-beam. The term is 
purely French, and means a coupling— pron. 

1 


ad 

ali-oooplu-miiug. The English pronimci.ation 
should be tho same, but it is generally given 
as ah-koopel-ment, Tho term AcrovpUd 
(Eng. pron. iih-koopeld) has for its French 
synonym 6'Jw>in(f (pron. ghay-mo-nay), whloli 
has a curious derivation, as the word mt«ans 
iterated or repeated, aiui this Itor^ueimausi 
(jliivy-moh), and Lat. ymini, tho twins, that 
in. for exiiin})le, two coupled nr twin beams. 
The same idea is convoyed in tho Gorman 
nynonym, which is ZwillingdpaaHg (from 
XmlUng, twins or two, ana Pan/, n pair, 
The rout of tliu tortu Accoiipleniont is the 
verb accoHpkr (ah-koop-Jay), to tie together, 
to pair Or to couple. 

Afroterin, in ArchikcDm, Small podos- 
tnls for bimis or statues placed in pediments 
at the apc,x or point of mooting of tho 
angular sides, or at the corners or lower part 
of the pediment. Syn. Fr. iitroiereu— pron. 
«h-kro-tarc8 ; Gor, (Hebaltinnen-^pvon, gee- 
bcl-tsin-ueii. Der, Ciebel, a gable, triangular 
wall or pediment, and Ziune (sin-nay), a 
pinnacle. 

Ailliosloii, in Building Construclion, 
Mi'uiiB the rcBiilt of joining two separate 
pii.'ccn of material of tho same or dinorent 
character by means of a tliird materiMl, as 
a ocment, a glue, or a morUr, it also 
includes the connoctioii maintained by a 
body, as a pin or nnll driven into timber 
The priiiclplo of adliosion is of ppwial value 
to tho joiner and oubinet maker iu gluing 
the plecoH of their work together. It lies also 
at the base of all work in which cutmmts 
and mortars are used in masonry, and pins 
and nails in carpentry. Some idea of the 
udhosivo strength of an Iron nail driven Into 
wood may be nod, when we 8tat(f that one 
driven itito dry oak to tho depth of two 
inches will require a force of half a tou to 

E ull it out, The adhesion of nails to wood 
I much influenced by tho relation the nail 
has to tho fibres of tiie wood. If a nail 
driven into elm retiulro* a force of 2f)0lb.io 
pull it out when dj’iven endways— that is, 
parallel to tlio fibres— it will require a force 
of (180 lb, to pull it out if driven sideways or 
at right angles to the fibres. If two pieces 
of wood are well glued together with ordinary 
glue, the adhesive force, being reckoned 
at 700 lb, to tho square inch, is often much 
greater tlian the cohesive force of tlio wood 
itself, taken at 660 lb,, so that tiio wood 
may give way at its solid part before it gives 
way at tho joint. Der. From the Latin word 
adheereo, and this from ad. to, and htarere, to 
stick— to stick to, By n. h r, Adhhion—pron. 
add-haze-ee-ong (from adherer [wid-herr^u J, 
to adhere) ; Gor, Anhq/tcn — pron. ann-hafi- 
tane, to stick to (from anha/en, to grapple 
with, to clasp). 
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jn To plaoe one height of figure, the term need i« Mmo- the), (building w edifice)— proiL 

oieoe In relation to another, bo that when reWBro, meaning middle relief— pron. med- in-err-leegh Im gtm-boy-deh, 

■aenred together they will lie in proper dzo-ray-lcey^oh. When it i» lew than half Apartnieiitm 5o#effw*M, Ce^ter^^or fTntfer- 

■ ■ • r..K. — ■*.A**- i. 1 .. I- * JD In Bome partB called the “cellar 

Syn. Fr. 3h(l?ier— pron. tell-ee-eh ; 

^ — --- r Unt^rirdUoht* Omach (from wnrer, 

ii Bimply an abbreviation of the word adjust rongd-boss— from ronde, round, a knob, under, irdiioh. earthly, and Gmaoh. a 
—BO uiat no rocking or riding movement a lump ; Qer. iSTcoAre/f^/*— pron. bogh (the room or chamber)— pron. oon-tare^e^dee- 
can tako place between the pieces, but the guttural sound of oh) -ray-loaf (AocA, high). sbesB gay-magh. 
proBBure will be equally dletributod over the Angeli, in AroMttoture. BraokotB or Apartment, {n 7>omMtic jiroAttecture. A 
whole of the aurfacee. liie technical term OorbolB (which Bee) finished with the heads room or chamber in the houae, aa diatin- 
“ juBtifying" work is the act of making tho and necks of angels. They are chiefly used guiahing one room from anotheiv^iterally 
pieoea truts and “just." Der. From the Latin in Gothic or Pointed nrohltecture. “ a plaoe set apart,” Syn. Fr, Appartment^ 

adf to, and justtu, right, true, correct. Syn, A agio Bar, in Carpentrjf. The window pron, ah-part-mang ; also CAam6r«— pron. 
Fr. pron. an-jooze-tay, to adjust or bar at the corner of a projecting window, shawm-ber ; also PitfCB— pron. pee-ooe $ 

fit together (f{;Waye— pron. ah-jooze-tajgh, (See *' The Joiner” in text.) Gor. das zintmer— pron. tzim-err ; also 

is the act of adjustiog) : Gor. HsrUrfi- Angle Float, in A tool termed die pron. stoo-boh ; also die Zanmer 

f >roii. bfiy-roogh (guttural sound) -ton (JZ/r/it a “float** (which see), made to suit the (a chamber)— pron. kahm-merr. 
reeght], right), to make right or correct. inside angle formed by tho meeting of the Apertaro of a Boor, in ArcMieehtte. 
AOmo, in Carpentry, A tool bent or curved two sides of a room, to work tho surface of Other wise called a door void, or opening. Tho 
in face, with sharp cutting edge, fixed at tho plastering. space left in tho wall of a house in which 

right angles to the handle and at its lower Anglo Iron, in Iron WorXi ftrr Hotfs, the door-frame is fitted. Syn, Fr. Jour dc 
extremity, so that the etlge is towards tho Bridges^ etc. Bars of wrought Iron rollocl porte (fromjonr, a day, figuratively “a hole 
workman, who moves backward as the so as to have thuir two sides at right angles showing daylight/* and a door or gato^ 
operation proceedB. 3t Is used for roughing to each other, thus: L. (Seo "The Iron way)— pron. joohr, orzhoor-deh-pohrt ; Ger. 
on or rendering partiully fiat and smooLh Worker in Hoofs and Bridges” inthetoxt.) tfie Thilrilff^ung {ThUr, a door, Of^un^^ 
the surfaces of logs or bulks or largo timbers. Syn. Fr. Fer a eornisrs— pros, fair ah korn- opening)— pron, tuh-off-noong. 

Syn. Fr. IIcrm%neU6—\:>ton. herr-mo-nett ; oo-air {fer, Iron, eomi^re, a gutter or cornor Aperture of a Window, otherraise called 
Out, die pron. doc oroom-how- jihite— from cornier [korn-ee-ehj, a comer) ; a Window Voidy or Opening, The opening 

eh {krrmMy crooked, bent or curved, from Ger, FFi/iMf/tMn— pron. vln-kol-ise-en (from left in a wall into widoh fchtj casement or 
the verb ^irilrnmen forem-en], to bend, and Wiftliel, corner, angle, and Fisen [Izo-ennJ, window-frame is to be fitted. Syn. Fr. 
/7afM,ahoe, a mattock, from A^u(s», fhow-onn iron). /Jail (bay) de crois^e (oasoment)— pron, 

or -anoj, to hew, to out, to chop or chip, as an AnuMe Rnfier, in Carjmttp. Otiiorwisc baiil-deh krwah-say; Ger, die Fensier 
adze does). toriued a “hip rafter, “being the rafters placed (window) Oej^ung (opening)— pron, fen- 

Ag^iuenf, or Contract, A document at the corners of a building which is covered staro eif-nung. 
containing tlie terms of an arrangement or with a hipped roof or truss, of which tho Apex, rJa GahU, The upper or highest 
bargain relative to the purchase of land for ends have tne same inoHnatlon or angle of point. The term is purely Latin, moaning 

tho site of a building, preliminary to tho slope as the sidos. (See the chapter on the top, upper part, or summit of any 

regular Leods, or as to work of any kind to roofs in “Tho Carpenter ’* In text.) object, Eng. pron. eh-pex, not ah- or awo- 

bedone. i)<T. From the French verb om'er Anniilot, in Avohitecture. A narrow pakes. Syn. Pr. to»weMthe Buramlt) da 

—pron. ah-gree-oh, to be in accord, of one moulding, square or flat on face, used to Pigntm (gable)— pron. som-may deh pee- 
mmd, »nd tli B from irri-prpn. Ijray, wil , .uparato other monldings. 'Ilic narrow and ryong, or peen-yone: Oer. Ser 
liking, aooonl: lienee tho pliraae i«H orrf, flat or eqnared face moulding, or part (top or oiown) der ffieief (gablo)-pton. 
rnol^rd, equiralont to out plira .0 “willyo, eoparatlng the fluting, or hollowod-out rfil-tel, detr getrbcll. 
nUl ye," «... whether you wUl or like it or parts in oolumn^s or pillnrs, or in pUaeter., Aplnry. <» Oardtn ArohUuturt. (See 
no. Syn. ITr. ConeeiUujfi or J'aete-pvaa. aro also caJlod annulete. , Tho word 1. « Tho Garden Areliitoot " in toit.) A houM. 
kongr or kou-Tahn-soo-ong, mkti Gor. dliuctly derived from Uie Latin obbWu», a or rather a ooTcred stand or alied, for the re! 
Tertraj^ron. faro-lralig, and derived from ring Syn. Fr. Annrf«<-pron. ann-layt oopUon of the hives of beo. and tLeir .heltw 
Iraort, to carry, to Iwr ««»«?«<. a little ring, from o««i*r (ann-lay), from the weather. iJ«r. Latin mnWttm, 

Ill^uie, ,n Aiv/iilmlm;. A French terni to curl or twist round ( Ger. /fidyefcAsn— and this from opi», a boo. Syn. PiTiBnoAer 
/ P “? “ P“"- » nuglot-froin myefe, (from rucit [pron. rooshl, H hivc)-^n. 

synonym Pinnacle (whxoli boo for donva- to curl or bend round, to ring. roo-shav: Gor der Bienmutand f ii 

tion). nii term la used chiefly in relation Antts, in An/illecture. Flat ntllai'S, other, w Slmd, n station or^*^tiou)i^™ 

to Oothto atchitoetnro. and denotes the wise toimed “ pilaslora,” pro eoting from boo-ncn-atalidt j also dor^irarnAaM— ?™' 
pointed termination to oertaln parts, as a wall, Syn. Fr. Antes ^ or Fi/astres^pTon. boe-non-howss ^ 

hnft-wnaaAa • « ..n. I» AU.. It..--..- ... ..1 .. ...... 1 .... n . ^ .svm .swtTUB, 



ilo, Which is nearly ._ 
tion of the word aislo. 


—pron, hah-cot-tay (from aw, low, and cetdy generally liquid, or used as a paint, urn- grounds, 
a Bide) ; also the word Atle as above ; Ger, ploywl to prestTvo timber, etc. J)cr. From public or 


„ out house sites and 
The road or walk leading from a 


a building or room, or in garden buildings, awj-aug 

In Continental countries, whore the alcove an autiv 

forms part of a room as affording a rooess for Fdulmsswidrig-^prou, 

A bed or Gouch, it is separated from the main from Faulniss, rottenLw- 
i^artment by pillars or pilasters, termed an or adverse to — literally 
Zffrade— pron, eh-strahd. Syn, Fr. Alcove sing putridity 
— pron. all-kove { Ger, .(l?4>orcn — pron, 
all-kovc-en. 

AH* Relievo# tA Scnlptured in 

Arehiteoture, or Art D 
out or carved so high 



Apron lining, in Joinery, The boarding, 
generally panelled, which covers the end 


used to o7 ttriit^'Turport^rV the" 

semptured HViie two boem, ot wXt7d‘12 e^S?te 
Wntion. Figure, the expr^eioa « the dWn(» or fength in thS (raSe^of a eta& 

fh as to appear very clear or inside dimensions," Syn. Fr. ihzn# maM iSSoni?. Ger AU 
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wirlagB for the itepi) — prop, dee beh- between which mey be ooen, or the book of end thie from rr«iier««r [reng-Tnro-imyl, to 
•hawl-oong, dert tr«p-pen-ball-keiie the oolumna may be filled la with masonry, turn back, to Invert) ; Ger. [Img«jAhrH>.r 

ApMt in Archittcture. Tbe name glveii to In the latter oaee the arcade is a method Boff$n pron. oom-ireh-kayr-tQrr bo-wD 
the rounded form, generally iemioiroalar, of ornamenting walls, as those of churches, (wwOTAeArt, inverse, inverted, and I?o 7 en, att 
by which the aisles or the choir of a ohnnh In common language, an arcade means a arch). 

an terminated. This feature is a peculiarly street or passage covered or arched in with Arohlteot, in BMing. The profession 
foreign or Continental one. Ohurohes in a glass-lighted roof. Syn. Pr. Arcade^ which undertakes the designing or plimnlng 
France and Germany, and In many parts of pron. are-kad ; Ger. 5o^e»^onff— pron. boh- of all buildings, the preparation of th” 
Italy, arc met with in nlmosfc every distHot ponn-gang — from Bggm, n building, and working drawings, tho spedfleations of, 
displaying it. In England it is met with (fO»,v, a walk, passage, or gallery , and the gonoral suporinteudenco of the 

chiefly in clinrohes built in the Norman in Mmmrv and Ih ichlamng, The work to be done. Syn.Fr. /IrcAkecie-pron, 

ityle, of which it may be said to be a peon- armugoment of stones or bricks thrown ar-shee-tokt ; Gbr. /foimmXer— pron. bon gh- 
llarity. Tho term apse is also applied to over an opening in a wall, or spanning tho mioo-terr (iJou, a building, and a 

all projecting parts giving recesses or space between two piers or columns, and by master)— lltenitly “head or master of the 
chapels at the sides of the transepts, etc. which the weight placed above the aroh titid works fu building.” 

Eng. pron. apps. Syn. Fr. CAsre/— pron. the pressure of the arch itself is thrown Areliltrave, in ArohUedure, That mem- 
shay-vuy, or — pron. rongd- upon the side piers or columns, termed bor of tho ontablatiiro of an “ordesr" or 

pwang; Gor. Bafeliken^pr on. buh-sccl-ee- technically abutments. The inner or concave “stylo” which rests on tho Abacus (which 
konn, so called from this being a feature of side of tho arch is termed its “intrados”} see) or upporinost member of the capital, 
the early churches, changed from the Roman tho outer or convex, the “oxtrados,” The The term is also applied to tho moulding, 
basilicas or hulls of justice. stones forming tho arch are out wedge- which is soniutimos carried round or at- 

Aqnodnclt i/i Architecture, A water-way shaped ; tho central stone of the aroh is toohod to tho outer fuoo of an urohed 

or channt'l, cither open or snbtorranenn, or called the keystone," and the wedge- opening. Eng. pron. uvk-co, nnf. ar-choo. 

supported on embankments or arches. I)er. shaped blocks on either side are termed Areliltmvet in Joinery, Tho moulding, 

From tho Latin aqua, water, and dwic, I “ voussoirs.” The first of tho side stones or more or loss ornate (see tho paper in the 
lead, bring forward, or conduct— literally voussoirs from which tho arch springs, or text eutitlod “Form and Colour in Industrial 
*'a water leader or conductor." Eng. pron, those lying on the top course of piers or Decoration" for the various kinds of Mould, 
ab-qweh-duot. Byn. Fr. Aqueduc-^^ron. oolumns, are termed the '' springers." The Ings), which is carried round the sides and 
aok* or akk-dook (oo almost os in food). In width between the piers or abutments is top of window or door opeuing-s, nportures, 
German the word is spelt precisely as with called tho “spun" of tho arch, and is or voids. Syu.Fr, pron.ar-slice- 
ua— pron. ak-’kiiy-dookt; but WaenerUitung measured on a liorizontal lino, called tho trahv; Gcr. Unlaritnlken, unnpthalhen’-~ 

is very frrnucntly, if not usually omplovoa, springing line, supposed to be stretched pron, oon- or uun-tarc-bahl-kon, Imuhpt- 

meamng literally “ water loading," from from one abutment to the other. What is or howpt-balil-ken (warer— oon-torr or -tanv 
/sta, to load or guide— pron. lite-enn. called tho “ rise ” of the aroh is tho vertical undor, and Balkm, ti hentu, /fauptf head 
Arabesquet in Aichitecture and in flrna- distance measured from the centre of the or top)— literally “ tho head or top beam." 
mental Design. That species or stylo of “springing lino" to the under side of the key- Archivolti tn il/nsonry, is almost synony- 
omament used for tho decoration of fiat stone. The highest part of tho arch in moun with the intnulos or suftit of au arch 

surfaces, as walls, in architectural work, called its “ crown," sometimes its ‘Wortex.” (see Arch), a« it moans the interior or concave 

and which is baaed upon natural forms, The parts of the building or walls buhlnd curved surface of an arch as uieasurod from 
such as the branohlcts of trees or sliruba, tho oxtrados or outside of tho arch, which one pier or abutment or impost to the other, 
foliage, flowers, and fruit, but all treated in fill up the space between the abutments and Where tliis surface is nut plain— in which 
a perfectly conventional manner. All animal the lino of “ crown " of arch, aro called tho ease the term sollU is applicable— but is 
fonns and figures, or that which has life, "haunches." The intrados, or inner or con- broken up by piojocting parts, giving tho 
are rigidly excluded from all the ornu- cave curve of tho arch, is generally known appearance of a number or oluHter of arches 
mentation of the Arabesque style. (Seethe as the “soffit." AH the above terras will one within tho other— tho term is more 
pai>era in tho text of Tnjii Tuohnicai, be found doscrlbod in duo alphabetical strictly upplicsablc. And this filature of 
joriiNAL under the title “Tho Ornamental order. Arches oro of different forms, and arches is a very uoticoabht oue in Pointed or 
Draughtsman,” utid “Form and Colour in vary from the simplest of all, the semi- aothlo urchit-ctnre, iu which tUev are Kora<i- 
the Decoration of Industrial Work.") Eng. circular or half-round, to tho segmental one, tirtms clUtluguiHhucl by tho title “ recoftsed." 
pron, ah-rali-besk. Syn. Fr. Arahesgue*, and tho different kinds of pointed arohoa lu If tho general arch is broken into two 
Ger, Arn6e*A«— pron. ah-rah-bes-keh. For Gothic arohlteoture, i>er. The word comes divisions, it is said to boa double rocoHHod 
the features of the Arabian archltocturo or from the Latin aroust n bow. Syn. Fr. Arc, arch, and so on, Probably frinn vo/rr 
building, sec Moresque: the stylo is also arche\ Gor. Jiogen, (For different forms of (vol-lay), to fly— a flying byu. l‘r. 

known M tho Saracenic or Moorish. arches, see " The Stone Mason" in text.) Arohivokv.—\)tou, ur-shee-volilt ; Gejr, IMer- 

Arbonr, in (Jarden Archifeolure, (See Airli- Hutment, t» Mneonry. Struts or Aoycn—] >ron. oohu- or (jou-torr-boh-gou— 

"The Garden Arcliitcot" in text.) A fltruc- supports with arched arrangement wldch literally “the urulur arch." 
ture, generally of rustic woodwork, erected spring from the buttresses of aisles in a An;ltt OHiiqacp or on tuo^ AkeWf tn 
In. part of the grounds or gardou of a house, churoTi in the Pointed or Gothic sty^e, and hncMnyintj or Mnsmr^^y In thin Uic line 



bniiimenttti Woodwork''' Arohttooturo and BullditiK.’’) j v;::. v.:-,. iii„,r„r hnit. 

-pron. ark dc boc-ay-ce 

V from WrtiVw/p/d— pron, 

b«o-ai*<j-maug, a sloping dirof.lion): Gcr, 
Bchiefbogen — pron. shonf-bo-gen {schwfy 
sloping, from BvhirJ'c — pron, sliue-fou, 
obliquity). 

ttcllfvliiff or DIsetaArgiiig, tn 

lirkkUiginy. Tho artth-sogmental turned or 
■ timber Llutcl (which Hco) 

tho top of an opening, as 
window, in order to relic vo 

luffh-lKan-bOBli-onti-Rsni!. This ia a" fair tribute and loUeva tlia prosaure potwo™ jno <;•*“ ‘K..riK*‘Vro 

example of the compounded German words two opposite walls. As its XrALwe — nrun ^ark-eng-day*-«har-jcli 


under a tree, and surrounded and partly ascend or step up). , . , , , . , 

•haded with shrubs, is sometimes calfed an Arcli* dAugciu* %n lirimaying. An arch 
arbour. I)er. Lat ,n arbor, a scat under a tree. In wliloli the bricke radiate from a common 
Syn. Pr. Beroeau (a bower)— pron. bare-soh, oentj'c. Fr. VoUejaugue pron. voot- 
durlously enough, this word also means a or vut-jon-jhay — from jiatiye (mogo or 
cradle— that is, an inclosed space. Ger. der jozeh), a gauge or measure, and thu* from 



ux ururmuu a iaiQiiiuiuMaBa.n ^ 

array oF letters, unless we analysed it or on the ground or iinwn' 

■eparated Its parts and gave their moaning. From the Latin lawrfo, I 
(See Trellis Work I a^id this from in and persus, against. Byn. 

IWBde, io .IreWtunt Thi, term de- Fr. or ”115: 

note! arrengement of arolies in Uuo verr-eay, ralwlee-aya f 

tnpported by columna or pillar., tho .iiaoo. toit.®— turned on one. back, baca 
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_ , 'ni/aj<tituf/[ni 

ier. last-oong] a release or dischargo, and Bof/en, 
au arch ). . » ■ x 

ArcU, fiogmental, or Sclieine, i» Brick-' 
laying. In this the arcii is part of a circle j 
when tho bricks are laid so that their joints 
converge to, or radiate fi'om, the centro oi 


rang- 

vardd 
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ibe arch, It Ib called a “ scheme arch.’ Byn* 
Ft, Arc avee eifOre apM—yffou. ark a-7eok 
(with) aang-tre ah-plah4oe ceotro— 

ue Arch, oplati from apfatir [app-lat-OTj, 
to flatten or lower)— that is. an aron with a 
less rise than a semidrcular arch, as an 
elliptical arch would have: Gcri Stichbcgfin 
— pron. fltccgh-boh-gen (w^cA, a cut, and 
Boffm [ bob-genn ] , an arch ). 

Arrb, Bomteli'Ciilar, in Masonry or 
Brickidf/ing. As its name denotes, has the 
curve of Its intrados or soffit the oomplete 
half of a circle. By n. Fr. A re en pktn cintre 
— prou. ark eng pleinc sangtre— literally 
“an arch with a full centre"; Ger. 
JlOmise/ter pron. roem-cc-ahorr boh- 

gen— tliat is, a Iloman or llotnish arch. 

Areliwiiy* A road or path under an arch, 
or the arched entrance to a door. In this 
sense the Syn. Fr* is Porte ennodtee (vaulted 
doorw'ay)— pron. pohrt-uiig-voot-eh ; Oor. 
der ilberioOiMt Thomeg (tifier, over or above, 
fFMen, vault, TAor, gattf, tVeg, way)— pron. 
QO-bave-voelb-tch tor-vngiio. 

Aren(iBasciiient), Tbeflleps or fltairs io» 
have for tbeir equivalents Syn. Fr. Kicalier 
d*un sofderrain (miaHerf staircase)— pi'on. 
OBS-lrah-lee-ch (boo above) ; Ger. die Ktlkr- 
irej^ie dem Vorhof (A'eZ/sr, collar, Treppe^ 
steps)— i)ron. doo koll-oiT-trep-eh owf dem 
forc-hofe. 

Aren, to BnUding* The space of ground 
on which the structure is placed. Der, 
Latin arm, an open space oi‘ pu^ce of 
ground, and this from om, earth or Ijcaith, 
Syn. Fr. pron. nir ; Ger. die Bawtidle 
(Ban, a building, iytellef a stand, position)— 
pron. buugh-stm'loh. 

Aren, i'» Domestic A rchitecture, The free or 
vacant space in front of the basement story 
of a building, and which is reached from the 
outside street or road level by steps, Syn. 
Fr. Aire dun soulerrain (underground floor) 
—pron. alr-duhn soo-tare-ayue ; Ger. //ou- 
steue, der Vorhfif (cor, before, IIo/, a court or 
yard)— pron. bougli-slell-oh, dorr fore-hofe. 

Aren, in Measurement. The suporttcies or 
flurfaco of a piece of ground or of a body, 
having lengtli and breadth only. Area is 
denote in building work us in square yard^ 
equaro foot, or square Inches, and is found 
by multiplying the length by the breadth 
in yards, feet, or inches. Syn, Fr. Unitd de 
surface (unite, unit)— pron. uhn-oe-tay day 
fioor-fass; Ger* die Einheit der Fidohe 
(Einheit, unity, Fldche, extent, square 
measure)— pron, dee iiie-hltc, derr noghe. 

ArglllHceous Boll or Knrfb, in Eacava^ 
'kig, or Materials. Clayey, as an argillaceous 
sand la a sand mixed with clay soil, an 
argillaoeouH loam, loamy soil mixed with 
clay, Eng, pron. ar-ffcel-aish-eo-us, Der. 
From the Latin argitla, white clay, marl, 
potter's earth, Syn. Fr. Terre argiUeuse— 
pron. tare or tair arr-geel-uuse— from or^»7c 
(ahr-jccl), clay ; Ger, ZTionerde— pron. tonn- 
eri'deh ( Thc/n, clay.and Erde, earth, soil) . 

Arm Chnlr, in CaUnet Making. A chair 
with arms at the aides, which spring 
from the centre of the edges of back, and 
are carried forward and bent down to be 
joined to the front corners, Syn. Fr. FauAeuil 
— pron. foh-touhl; Ger. — pron. 

layn-stuobl or -stunhl (Lehne^n support, 
railing, and BtvM [stuum], a stool); also 
Armsiuhl (Arm, arm). 

Arris* in Duilding Construetion. The 
corner or line formed by the junction or 
meeting of tw'O surfuces at angles— right or 
otherwme— to each other. 

Arris, in Construction. To take oil— that 
is, to chip, cut, or plane away— the corner of 
a body, malcing it splayed or bevelled off. 
Syn. Fr. Aimidrer— pron. eh-po-tray ; Ger. 
Verstossen (literally ‘*to push forward”) 
—pron, farc-BtoSB-ane. To take the arris off 
from a block of ashlar-worked stone has for 
its Syn, Fr. Epanneler (from oannsaif, a 


panel), that is, to make the angle or corner 
flat— pron. eh-pann-lay; Ger. aw dam 
Rohm hehaum, %je. to how (6i^oi«a) out of 
or off the rough (roK ) ; also die KanUn 
hauen, to how the comers (JSranie) or edges off. 

Artllleer, in Building Construction. A 
skilled workman. Eng, pron. arr-tlefls-irr. 
Syn, Fr. Art^ier or Cwwner-^ron. nrh- or 
arr-tee-fee-see-eh, oov-ree-eh ; Ger. Arheitm 
UnndwerAsr — pron. aar-blte-orr hand-vor- 
korr. Der, From the Latin arti/ieium, and 
this from are, artis, art, and the verb/oesre, 
to make. 

Asbestos* in Materials, A minem sub- 
stance of a fibrous nature, which admits it to 
be made into substances resembling cloth or 
a fibrous material like wool. It is perfectly 
incombustible. It is now largely used for 
various purposes, as packing of joints, piston- 
rods, etc, ; and a paint is also made of It, 
which is used effectively in buildings, ren- 
dering wood, etc., fire-proof. 

Asb« in Materials. A forost-tree yielding a 
valuable timber noted for its tough quality. 
Syn. Fr. pron. frenn; Ger. der tCschen^ 

iaum (Kncke, ash, and Baum, a tree), or 
die Esche—pron. dee esh-eh, (See ” The 
Timber llealer” in text.) 

Ashlar* in Mastmrg. Where the st^ne 
used for the exterior surface of a wall is 
how'u and smoothed, dressed or p^olishcd, it 
is called ashlar work. Byn, Fr. Pierre 
de taillc—pton. pee^ir day tah-ee-eh or tab- 
oe-yiih (pxerre, ti stone, and taille, cutting, 
dresHifig) j Gkr. Behauener fifiein— pron. bee* 
hovv-enn-err stino (from &rAatten,to cut, 
a atone). 

Asb Pit* fit Domestic Architecture, A 
part of the outbuildings of a house in which 
the ashes from the flro grates and other 
refuse matters are deposited. Byn, Fr. 
Centfrier— pron. satig-dree-ch (from cendres 
[saugdro], cinders or ashes) ; Ger. Asch^ 
pron, ash-groc-beh (from Asche [ash- 
eh], ashes, and Grube, a pit or trench), 

Aspliiilte* tn Materials. A hard black 
bituminous substance, much used in con- 
junction with other substanoes, such as 
broken or powdered stones, spa, etc., as a 
material for the formation of road surfact's, 
walks, etc. It is found naturally in large 
quantities in different oountriefi, notedly 
in what aro called the hituminons lakes of 
Eastern Europe, Syn. Fr. pron. 

ass-fttlt ; Ger. pron, ass-falt. 

Aiicmblnge* tn Carpentry. A term bor- 
rowed from the French to denote the com- 
bination of timbers forming a single 
framework; also the combination of two 
parts, as of two beams scarfed. (See ** The 
Carpenter ” in text ; see also Scarf.) Byn. 
Fr. A«em6/aM— pron, ah-sam-blaje; Ger. das 
i^tnraAmen (cin, in, Rahmen, a form or frame) 
-pron, dasi ine-raw-menn. 

Astragal* tn Joinery. A fillet with rounded 
tMigo, generally semicircular. It is a term 
Bomotimes used as synonymoui with sash- 
bar or bar supporting the panes of glass in 
a window-frame. Syn. Fr. Astragle — pron, 
as-tmh-gal ; Q^r, der Shulerfrane—pron, 
Bowl-en-phrantE (from [sow-lay], a 

post or pillar, and Front, a bano). 

AltAc* tn Architedure, In Classical styles, 
an apartment or range of apartments of low 
altitude at the top of the structure. In 
common buildings it desia nates a room In 
the roof of a houac. Syn. Fr. AMigns— pron. 
at-teok; Ger. die I>ocAi«aie— pron. dagh- 
stoo-bay or -stub-bay (Dach, a roof, and 
Stube, a room)— literally ** a room or cham- 
ber in the roof.” 

Anger. A tool used in Carpentry to bore 
holes in timber to roooive trenails (which 
see), or wooden pine, etc. It is a long iron 
bar provided wish an eye at the upper end, 
through which a cross handle is passed to 
work we tool. The lower end is provided 
with a cutting screw, having a sharp point 
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and edges, whioh, as the handle is turned 
round by the workman, keeps entering into 
or desoendlng Into the timber, the larger 
part of the screw cutting with its sharp 
the hole In the wood. The twist or 
pitch of the screw enables the out chips to 
clear themselves from the hole as it is formed 
—these rising up to the surface, from which 
they are swept away from time t® time by 
the workman. Syn. Fr. Torrieiwpron, tar- 
ee-air ; Ger, der grosse .BoArer— pron, derr 
gros-seh-boro'or, meaning a borer for great 
or large, as a gimlet is for small holes In 
timber, which is siinply der Bohrer, tho borer. 

Avenne* ti* Laying~ouA Grounds or Garden. 
A walk generallylbordered by trees or shrubs. 
Der, The word is purely French, and is derived 
f i-om the French avenir, a prospect, and this 
from the verb avenir, to happen, as in look- 
ing forward for something to hfuipen. in 
prospect — pron. ahv-neer, The French is 
derived from the Latin ad, to, and v<mtre,to 
come. Syn, Fr. Aufiawe— pron. av-neugh; 
Ocr. der Baumgang (Baum, a tree, Gang, a 
walk)— pron. bon ghm -gang. 

Aviary* in Garden Architecture, A struc- 
ture erected in tho grounds or garden of a 
liousc, in which birds arc confined for display, 
it is compoRod of open w'ire*\vork or wire 
netting for the upper part, with a solid or 
enclosed base. The interior is fitted up with 
perches, or in large aviaries a tree is inclosed, 
or small shrubs. Der, From the Latin word 
rttJlrtrttim, and this from avis, a bird. Syn. 
Fr. KoZie-i’S— pron. vohl-ee-air (from the Latin 
verb volere, to fly— that is, a oontrivanoo to 
prevent tho birds flying away, or to sliow off 
their flyhig or moving about while encaged. 
Ger. das pron. d ass fc)g-el*hou«e 

—from Vogdi u bird, and I/ans, u house. 

Aw'uliig* lf¥tnitow* in Domestic Archi‘ 
tecture, A covering of wood, soraetiines of 
thin shcot-metal, placed in front and at tho 
upper part of a window to keep off or temper 
tho sun’s rays. It is frequently made a 
permanent part of the building, and is more 
or loss ornamented in keeping, or otherwise, 
with the general style of the structure. It 
is also in some patented contrivances so 
arranged that it can bo sluived or pulled 
back into a recess so us to be (][uite concealed 
when not in use. The term is a corruption 
of the Old English word kaihdinn nr hdan, 
to cover over or up. Syn, Fr, Tcnie d^un 
fmCtre (tente, tent or awning, fenUtre, a 
window)— pron, tangt dulin fiiy-natro or fay- 
nate-uh; Ger. Fenster Jhvhuntj (Fenster, 
window, and J)a,ch, a roof)— pron. faue-stare 
dagh-oong. 

Axe, in Carpentry. A steel edged tool 
used for cleaving and splitting wood, and 
for taking off tb« surface in u rough way. 
The front edge is generally slightly rounded, 
and of steel to the breadth of an inch or so. 
Tlie handle is inserted in uii eye near the 
back, and is at right angles to the side of the 
tool. The extreme ba^ beyond the handle 
eye is formed into a projecting part with 
a flat steeled face ; this part, termed the 
“poll” of the axe, serves as a hammer lor 
driving spikes or trenails, large nails, etc. 
A small light axe under two pounds wmght 
is termed a “hatchet,” being used with one 
hand only. The Old Euglish form is mkt, 
the Icelandic axa ; the Greek w'ord is a»ine, 
and the Latin asoia. Syn. Fr. for the whole 
tool, handle included, //ocAs— pron. hahsh ; 
for the head or metal part, fer de hache^ 
pron, fare duh hahsh ; Ger. die Aat or das 
Beil— pron. dass bile. 

Axis* in Masonry and Carpentry. The 
assumed or imaginary line passing through 
the oentre of base to centre of apox, as ora 
circular vault or dome s tho oentre line of a 
body.. Dvr, Latin axis, north or south pole 
of the globe. Syn. Fr. Ados— pron. ahx; 
Ger. die Mittellinie iMittel, middle or oontr^ 
Linie, llr.e)— pron. aer mit-til-leen-e-oh. 
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TEOHSICAL FACTS AlTD Fiav&ES IH 
OOOABIONAL KOTES. 

fiMBRi-OIKd THE VARIOUS DEPARTMENTS OP TBOHNIOAL 

AND Industrial Work, such as Mbohanios and 
Machine Desion and Construction ^ Building 
Design and Construction— General Manupactureb 
AS Textile and Metal— Applied or Manufac- 
turing Chbmibtrt — Industrial Decoration— 
Sanitary Engineering— Gardening and Rural 
Matters— Miscellaneous. 

1. Tbo Trammiislon of Fowor by Bolti. 

The reader will dud in the series of papers in the 
text under the head of “The General Machinist,"' 
the various points described oonnoctod with the 
special department of Practical Mechanics of trans- 
mission of power from one point to anotheri or the 
communication of motion. We have here to give a 
place to a number of facts and figures connected with 
the general subject, denved from a wide variety of 
sources, which could not for more reasons than one. 
find a place in the papers referred to. Tlie primaiy 
elements of belt driving gear ure the shaft and the 
pulley, and the media of conveying the power of one 
set of these to another sej) or to other sets — namely, 
the belts made of various substances. As forming a 
distinct part of the practical work of the mechanic, 
various facts and figures will be given in a future 
series of paragraphs under “Shafts and Pulleys, or 
Rope Driving G^ear,” confining this to the subject of 
Belts. Dp to within a comparatively recent period 
the transmission of the power of, or the “taking 
off" of the driving powder of tlio sliaft of the 
prime mover, as that of a water-wheel or steam- 
engine, was done tlirougli the agenoy exclusively of 
toothed-wheol gear, as spur wheels and pinions ; and 
to the leading shafts, suoli as the vei'tioal shaft of a 
cotton factory, conveying power to difterent floors, by 
bevel toothed gearing or by mitre wlioels. (See the 
eeries of papers in the text under the title of “ The 
Building and Machine Draughtsman" for different 
kinds of toothed- wheel gearing; and also the sorios 
entitled “ The General Machinist.”) The method of 
communicating motion by means of belts, straps, or 
bands, or by cords or ropes, to which mechanical 
appliances Professor Willis gave tlio name of “ wrap- 
ping conductors” of power or motion, was confined 
«olely to the driving of the smaller machines, and 
parts of machines requiring comparatively small 
power. But of late years a very remarkable change 
in mill and machine engineering has been the 
substitution of “belt” and “rope” gearing for that 
of toothed wheels, to which lattc.7 the generic 


name of “gearing" was given, indicative of the 
exc usive use of it for n long course of years Of 

l^to r r* w '^Pe-ge»vring may Z 

^ be the latest, and in the opinion uf K(ime it 
promises to supersede belt-gearing, although as yet 
the employment of belts is largely in excess of ropes. 
Ihe two systems liave, however, been eo largely intro- 
duced, tluit the largest millrt arc goaroil upon these 
prinoiides, which would but a few years ugo have 
been driven by the old wyslom of tooUiod- wheel 
gearing. The reader will perceive, then, that a large 
amount of pnmtical technical interobl i^ involved 
in the subject of the present seiios of paragraphs, as 
named in our title. It is, porliaps, scarcely necoswxry 
to say that the systems are not applicable to certain 
classes of machinery, which do not fulfil tlio conditions 
neceiHsary to secure their highant <levclopmont. What 
those conditions arc will bo stated in another “Note.” 


2. Strength of BoUb. 

In this paragVMph leather is tlie only mateiial 
considered, as this at one lime was exclusively 
used for bolt gearing — and even now, when it 
has rivals in the market, is still chiefly iistnl ; the 
principal oxpeiimonts made by vm‘ions practical 
authorities, and the rules deduced from those und 
from a wide range of experience, have all been in 
connection with it. It will easily bo understood, 
from the nature of the material— not only fiorn the 
quality or characior of tho hides or skins from wliich 
it is in the first instance obtained, but also fi’om the 
way in which this is afterwards treated, or the leather 
manufactured — that very considerable difforonces are 
likely, indeed certain, to bo found in tho strength of 
leather bolts to enable them to withstand the strain 
to which they are subjected when wjvippod round 
pulleys in that state of tension reipiirf^l to do the 
work, And in practice it is found that different parts 
of the hide give different qunlities of leather, and 
that those again vary in their value whon used for 
belting. Again, as sliowing the young mechanic Imw, 
in even what appears to be such a simple department 
of mochanical work, the mechnnic has to think about 
and find out a great number of i)oints, it has to be 
stated — what from its importance will be more fully 
gone into in a succeeding note— that tho more way of 
placing a belt on its pulleys affects its working value ; 
while the mere strength or capability of the leather 
to resist rupture does not give working efficiency in 
the highest degree to the belt made of it. Thus one 
part of the hide will give a leather which will take a 
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greater force to rupture it than leather made from 
another part of the hide^ yet that which is the 
weakest is better adapted for the working circum- 
stances of belting than the strongest. Many points 
have, therefore, to be considered in determining the 
value of leather for belting, in addition to its mere 
textile strength, and it is those points which con- 
stitute the real working strength of belting — meaning 
by tills term all tlie good conditions necessary to 
ensure the safest and the moat economical working in 
practice. The figuros which are accepted by mechanics 
as indicating the value of leatlier to resist a rupturing 
strain have been found, therefore, as might be 
anticipated from the above statements, as the result 
of experiments and of practice with leather of good 
average quality made froni the best hides, and oak-bnrk 
not chemically tanned. And althougli it is necesstivy 
for the mechanic to understand what he is doing, and 
what the value of his materials really is, and figuros 
or data as Ix) strengths are nocessaiy, still it is so far 
fortunate for liim that even when subjected to severe 
strains, such is the good quality of loiithor which is 
honestly made, that he will find that it will as a 
rule practically not break or rupture — and this even 
when placed under somewhat unusual conditions of 
continuous working. The most complete investiga- 
tion into the subject of the belts is that made by 
General Morin, the well-known Fi’cnch scientist ; and 
so highly is his report esloomod, that it is issued under 
the authority of the French Tiistitute, A recommenda- 
tion tho value of which is shown not only by the 
fact that nearly all experiinentOT-s who followed Morin 
have availed themselves of his investigations, the 
accuracy of tho results of and practical deductions 
from wliich is shown that all subsequent experience 
has verified them in nearly ovoiy respect. Monn 
showed that for continuous working — that is, under 
the circumstances of a working day — a leather belt 
may be mado to bear a tensile strain— that is, a strain 
or foK;o tending to separate its fibres and tear it 
asunder — of 0-551 lb. per *00155 square inch of 
section. Tliis is equal to 365 lb, per square inch 
of section of the leather. The young reader must, 
however, note that this is tho working strain to whicli 
the belt may be subjected, and is quite distinct from 
the ultimate strength or tlie breaking strain of tho 
leather, which is much liigher, varying from eight to 
twelve times this working strain now named. A fair 
average of uliimate or tensile strength of leather may 
be taken at nine times the above working strain. This 
will give a breaking strength of 3196 lb. to tho square 
inch of section. Whatever be the tensile strength 
of the leather pi-oposed to be used — and this, from 
what has been said, will be found to vaiy according 
to cirbumstanoes — the working strain should not 
exceed one-tenth of the ultimate or tensile strain; 


and it will be safer if a wider margin or factor of 
safety bo employed — say one-eleventh of the tensile 
strain. These would give either 319 (say 820) o) 
2901b. to the square inch of section of belt as ith 
safe continuous working strain, which is less thaii* 
the 355 lb. of Morin. This latter, which is gene 
rally followed, however, gives an avci-ngo working 
strain of 55 lb. for each inch of width in a beh 
of which the thickness is i;**^ths of an inch — which 
may be taken as the usual or average thickness ot 
belts. A safer strain will be 451b. to the inch 
width of tlie bolt. Tlieoretically, a bolt stretched and 
running over pulleys is “endless”; but in practice 
there are two ends which have to be joined before 
the belt can be used and become practically endless. 
This jiinotion of tlie ends of a continuous or endless 
belt introduces two conditions in the belt considered 
as a whole or a single piece. There must be some 
diifeT-enoe between tho solid part of the belt and 
that at whioh the junction is made. And this 
difforenoo will depend upon the method adopted to join 
^or secure the two free ends together. As a rule — we 
might say universally, without exception — this dif- 
foronoe is all against the joint: that is, the belt is 
weakest at the junction. Some have claimed for 
their methods of joining that they are so efficient 
that tlio bolt is as strong at the junction as at the 
solid part, while others have gone further and chiimod 
for their methods that they give actually a greater 
strength. Be this as it may, the general experience ie 
that the juticiion of tho two free ends of a long band 
or belt in order to make it continuous or endless ie 
the weakest pari. Keeping out of consideration for 
the present special methods of joining belts, most of 
which are the subjects of patents, tlie methods in use 
may be reduced to two — riveting and lacing. The 
young reader, remembering the mcclifiTUcal aphorism 
that the “strength of a machine lies in its weakest 
part,” — a statement wliich in its seeming paradox liae 
puzzled sorely many a beginner, — will thus perceive 
that the real working or continuous strength of an 
endless belt really lies in the capability, not of the 
solid part, but in that of the joined or spliced part, 
to resist rupture or a breaking strain. Experiments 
have been made to determine the strength of 
the joined parts or riveted or laced parts, as com- 
pared with the solid parts of a belt. From these ii 
appears that, taking the uliimate breaking strength 
per inch of width of tho solid part at 675 lb., that 
of the riveted part was 382 lb,, and that of the 
laced part 2101b. The weakest part of a belt ia 
that in whioh the lacing holes have been pierced, 
which is usually weaker than the actual thong or 
lacing leather used. The ditierence between the 
strength of the punched leather belt with copper 
rivets and a belt with lacing or thong is greater in 
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the case of the rivetingi the copper u^ed for the rivets 
being so much stronger than the lacing. This is shown 
from the above to be nearly three times in favour of 
the riveting method, notwithstanding which many 
mechanics prefer the lacing method of joining ends 
to the riveting one. Taking one-third of the above 
strains as a safe margin or factor of safety, wo have 
for the solid part a strength of 235 lb. to each inch 
of width (or say 220 lb.) as that which we may expect 
from ordinary belts, 127 lb. as the strength of the 
riveted parts, and 70 lb, only of the laced parts, A 
thoroughly safe working tension of the latter moy 
be put down at 45 to 50 lb. 

8, Portland Cement Oonorete. 

The extensive use of this substance in a wide 
variety of work has been a marked feature in the 
practice of building construction during tlie last quarter 
of a century. Where the best results are desired in 
concrete work, Portland cement has almost completely 
superseded other cements long used, of which “ Koman ” 
was the best known; and the same may be stiid of 
concretes made with hydraulic mortars—that is, limes 
Diixed with what at one time only were described 
as “ cements,'* such as the well-known **tarras”and 
** puzzolona." The term “cement" in the building 
constructive sense includes all morUrs which have 
the property of “hardening” under water or “set- 
ting” firm and hard in the air. The “Roman" 
cement, which at one time had the greatest reputa- 
tion, and is still highly thought of by some, was 
frequently described as “ Parker's cement,” from the 
name of its inventor. Mr. Parker discovered that 
by calcining the hard or pebbly calcareous nodules 
found in the Isle of Sheppy, found also largely in 
other distiicts, and at Boulogne, in France, and 
forming a powder, ho produced an hydraulic mortar 
closely resembling the well-known puzzoloiia so largely 
used by the Romans. Roman cements generally are 
formed by burning at a low temperature argillaceous 
limes found naturally existing. The “ Portland 
cement,” so named from hardened masses of them 
having the external appearance of Portland building 
stone, are produced by burning or calcining at high 
temperature masses of clay and limestone mixed in 
certain proportions, and afterwards grinding them 
into a fine powder. In some distiicts stones or liard 
nodules are found existing naturally, which are found 
when calcined to produce a powder under grinding 
possessing all the properties of good Portland cement 
80 -called. The following tables give first under A 
the constituents of samples (1) of English Roman 
cement; (2) of Portland cement, made by one of our 
first manufacturers; and (3) of clays suitable to mix 
with limes in order to make Portland cement. The table 
8 ihowB ( 1 ) the relative strength of bricks made of 
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Roman and Portland cement alone, and (2) of bricks 
made with those cements, but mixed with sand. 


TABLfS A. 


OouDlitutnti. 

Roman 

Comont. 

FortlanA 

Cemunt 

Clay (Modway) 
for mixing with 
Llinoti or P. 0. 

Limo . 

58-88 

flO-OIJ 

0-76 

Maimcsia 

ft-OO 

0-82 


Alumina 

6-10 

C-02 

11*04 

Oxidcj of Iron 

4-80 

8-41 

14*80 

Silicic Acid . , 

23-8.*) 

24-07 

G8'15 

Sulphuric Acid I 
Lime . , ( 

I 

2-85 


Potash . 


0-7.3 

1*90 

Soda , 


0*87 

2-10 

Olay . . j 
Sand . . 1 


1*47 



Taui-k is. 


Eoman Cemout 
Turo. 

Portland Oe- ! 
tnotil Piiro. 

Roman Comnnt 

1 part, Band 

1 ixirt. 

rortlaiid Oe- 
moiit, 3 portA 
Biiinl to 1 only 
of ( 'omont. 

Breaking 




strain or 




Strength .. 47(1 lb. 

l:)721b. 

420 

420 


The bricks were six square inches iti section ; and it is 
worthy of note that when the pure Portland cement 
was immersed in water for twenty-four hours, its break- 
ing strength was increased in the ratio of 15 to 13. 

Portland cement is, however, not only nmch stronger 
than Roman cement, but wlten mixed with water 
hardens uTulor water not only in a mutsli shorter 
space of time, and “sets” also much more quickly 
in the air, But, what is of groat importance in a 
constructive point of view, it acquires a gnulually 
increasing hardness both in air and water till the 
maximum is reached. These properihjs, and tlie ease 
with which it lends itself to the mulcing of difl'erent 
classes or kiiuls of “ concretes ” — that is, when used to 
cement other and foreign bodies, as broken stones, 
bricks, glass, gravel, pebbles, dinkors, sand, and 
indeed every kind almost of hard inwnnbustible 
materials — has given a practical value to Portland 
cement, which it is difficult to over-CHiimato. In a 
siKKJoeding note wo shall give a variety of practiced 
romjirks ns to its use in construction, witli some hints 
as to its quality, durability, etc., etc. 

4. Gaseoni Fuel ai agoiait Solid— that ii, in its Ordinary 
Oondltion. 

Of late years several systems have been introduced 
with a view to using gaseous fuel in place of coal and 
coke in manufactures. And they have been so suc- 
cessful that they are in daily use on the large scale, in 
several branches of our manufactures, of which that 
of the iron and the steel tnides arc the most nobible 
examples. Descriptions of the best of tlie-e — of which 
the Siemens Regenerative Furnace is the leading type 
—together with ample illustrations of the forms of 
furnaces and constructive appliances used, will be found 
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in the paper in the text which it is our intention to giv^e 
under the title of The Furnace Builder and Designer.*' 
In this paper also the theoretical as well as the practical 
points involved in the whole question, as between the 
use of solid fuel— that is, coal, for example, in its ordi- 
naiy condition — andgaseous fuel will be fully discussed. 
Meanwhile this note ** is intended to convey some of 
what may be called the elemental^ points of the subject 
chiefly in their chemical aspect. Excellent results have 
been obtained by using carbonic oxide gas, 00, which 
bums with little light but with an intense hea^i, forming 
carbonic acid gus, 00^ ; and several largo Arms have 
banished coal and coke entirely from their works as 
fuel, except for the production of the gas itself. When 
coke is burnt with an excess of air, carbonic acid is 
formed; when now this is passed over heated coke 
the CO 2 splits up, takos an additional atom of carbon, 
and is converted into carbonic oxide, thus: 00^ + 0 
= 2 00 . 

When common coal is burnt, as in the domestic Are- 
place, the chief prod net of combustion is carbonic acid 
gas, COo, provided that there be ample access of air 
and a good heat ; if both these conditions be absent 
there is veiy little COj formed, but much volatile 
matters — such as hydrocarbons, etc. In the latter 
case incomplete combustion has taken pla(«, or in fact 
simple distillation — the coal simply splitting up into 
carbonic oxide and various organic compounds, — the 
exact nature and quantity depending on the amount of 
heat applied, and on the kind of coal burnt. 

Thus the heat evoked during this incomplete com- 
bustion is very small— the heating-power being in fact 
wasted. If these products be collected they will be 
found to burn readily, emitting much light and heat ; 
but if thoroughly burnt, the products of combustion if 
again collected will be found quite incapable of burn- 
ing. When coke instead of coal is burnt, a similar 
thing occurs, but the case is much simpler ; for ooko, 
having been already subjected to distillation, is much 
simpler in composition than coal, and hence its pro- 
ducts of incomplete combustion consist not of a variety 
of compounds, but, practically speaking, wholly of 
t^arbonic oxide gas, 00. 

Now, in ordinaiy coal and coke burning, a compara- 
tively large proportion of the heating-power is allowed 
to escape up the chimney, owing to incomplete com- 
bustion, due in most cases to insufficient sup][)ly of air. 
The best method of completely preventing this loss-— i.e. 
of getting all the heat out of the coeiI or coke which it 
is possible to get — is to convert the coal or coke Arst 
into some kind of gas or mixture of gases, by applying 


the proper amount of heat, and then burning the ga» 
separately and completely. In the case of coal this ia 
already done, in the production of coal gas; but this 
is a subject treated elsewhere, and we here refer only 
to coke. From coal may be produced a gas possessing 
either great heating and little lighting properties, or 
a gas having great illuminating but slight heating 
qualities, or a gas of intermediate character, ohieAy 
by regulating or adjusting the heat at which the coal 
is distilled. In the case of coke, however, only one 
quality of gas capable of burning may be obtained by 
beating— namely, carbonic oxide gas, possessing great- 
heating but almost no illuminating qualities. It is this 
gas which is now largely employed to take the place of 
coal or coke for heating purposes : it passes into the 
Areplace of the boilers, and bums with air, giving out 
an intense heat, of course without soot or ashes, the sole- 
product of combustion being pure carbonic acid, 00^, of 
any kind, and which demands no |)eriodical cleaning 
out of boilers. The gas is produced from the coke in 
an exceedingly simple manner. A tall cylinder is Ailed 
with coke and heated from below, an excess of air being 
admitted at the bottom. The coke there hurns^ forming 
oarbonio acid ; this, on passing upwards through the 
heated masses of coke, takes up more carbon, and is 
converted into carbonic oxide, which is passed into the* 
boilers for combustion. 

5. UtlUsfttion of Alkali Waite. 

It is well known that in the manufacture of soda 
by the Leblanc process there is a large amount of 
waste, which, collected as “ alkali waste heaps,** is a 
cause of annoyance to the public, a source of loss to 
the manufacturers, and forms unsightly objects 
hundreds of acres in extent, in the alkali making 
district. (See the paper in text ** Tlie Alkali Maker.**) 
One of the most important questions in modem alkali 
making is, how not only to get rid of this troublesome 
material, but how to do it proAtably. Until recently 
this was an unsolved problem ; now the wide adoption 
of the ammonia-soda process of alkali-making is so 
serious a competition to the old Leblanc process, that 
the latter can now be carried out proAtably only 
by dint of great economy, one of the principal items 
in which is the utilization of alkali waste. Several 
processes have been tried with more or less of suocesa 
for the accomplishment of this object, but none have 
been more successful both in a scientiAc and a com- 
mercial sense, than that known as the SchaAher and 
Helbig*B process. This method mav be described in a 
succeeding note. 

^ 
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( 1 ) What may be called the minor details of Iho 
various branches of industrial work comprise within 
their range an almost endless variety of practical 
facts and suggestive circumstances closely connected 
with, and bearing to a large extent on, the success of 
the work done in them. Numerous, and in one sense, 
taking them in the aggregate, inexhaustible, they ai'o 
jiovei'thelees being daily added to as the range or 
capability of the different branches l)ecomes extended, 
and the experience in working them widens. Many 
of these details never get published, as the phrase 
goes, not even in the limited sense of becoming known 
to others than the individiial to whose superior skill, 
knowledge, or happy thought, the improved detail is 
due. This individual reticence is in many cases not 
duo to a scllish desire to keep to themselves wluit 
would be beneficial to others, but simply because they 
modestly believe that what they have got to toll is really 
not worth the telling. Other details and facts, and 
many of great practical value, having the same origin, 
meet with a more useful fate ; they are made known 
by the less reticent discoverers to their intimate fiiends 
and acquaintances, in many cases with a real clcMire 
to benefit others ; in some cases merely for the sake 
of talk or of self-glorification. Still, even in this case, 
their publication so called is of the narrowest. But 
scattered throughout an endless variety of publica- 
tions properly so o»illed, in the pages of the ti'ansac- 
lions of scientific and engineering bodies, in pamphlets 
and papers issued by the discoverers of new pro- 
cesses or the inventors of new machines, and even 
in many of the best of our trade catalogues, a vast 
variety of facts connected with industrial work in 
every branch, of practical details of great value, may 
be met with by the painstaking searcher after good 
things, or are come incidentally across by those "who 
for some particular purpose are consulting the recoi ds 
of scientific or industrial work. But, although tliey 
may thus be met with, they as a rule lie quite beyond 
the roach of the many. They are not purchasable, 
or, if 60, not easily, by the ordinary class of readers ; 
and their mere numbers and cost would preclude the 
majority of book-buyers from possessing them. And 
even where the sources of information— and we have 
by no means exhausted the list— are accessible and 
available, their mere numbers would deter the 
majority of readers from the i attempt to look over 
their pages, oven in the most desultory manner. All 
the more easily would they be dislieartened in the 


attempt, grunting they wore acquainted with tlio 
fact that there was something w'orth looking for, 
by finding that the looking involved great labour, 
inasmuch as in very many erases such practical 
details bearing on industrial work were mixed up 
with matter not always cognate — in many cases the 
reverse of c6giiate — with the particular subject in 
which the searehor was interested. The only way 
in which piuctically and witli comparative case these 
treasures of industrial tind siaentific work can be 
disentombed from amidst tlie mass of other and 
often of foreign matter, is tlirough thoso wlio, like 
ourselves, have frequent occasion, for one purpose or 
iinothcr, to be “ searching the records ” of too oftc‘n 
obsciu’e and diffi cult- to-be-met- with sources of valti- 
ahlo information, and who at the same time are awarit 
that amidst the matter of innumerable pages many 
facts of great practical value may lie hidden, only to 
be noticed by thoso who have a keen eyo for iho 
practically useful. But somo young reader may ask, 
IIow is it that such details, practical as beyond a 
doubt they are, are not to ho found in such special 
papers as, for example, those which go to make 
up the bulk of tins present work? To this the 
reply is as ready as it is on cfmsidoration obvious. 
To name all the details, to give all the suggcslivo 
hints which might be giveri in a special paper on a 
special subject — as, for example, ‘‘Calico Printing’' 
or the “ Steam Engine ” — would so lengthen it out, 
or extend it, tluit the space availal)le for two or thr-ets 
subjects would ho taken up hy one only. No pa]!ei*, 
however complete it may be in tho sense of its giving 
the leading and essential featim^s of tho subject, can 
be absolutely exluiuslive, inasmuch us daily experi- 
ence, iind daily invention of maebinery, an<l discoveries 
of now processes and improved methods of working, 
are daily adding to the bulk of jnhaiuation. .1 licso, 
us w’e have said, are so numerous that to find a place 
for them would make each si)Ocial pa{)or altogether 
too voluminous to have a space allotted to it. But 
in addition to all these sources of tho valuable facts, 
hints, and suggestions wo have named, thoro are 
many subjects of great scientific and industrial 
interest, for tho treatment of which, os special 
paperSf space cannot bo found in tho text of a woi k 
like the present. Taking, then, all tho sources of 
information we have named, tho reader will perceive 
that there is a mine of it, so to call it, vast enough 
and rich enough to yield, if explored, much “ precious 
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metal/' which otherwiee might be left alone and cariying out demands has created a new speciality in 
lost^ so far as many of our readers were concerned* mechanical engineering. But he will be surprised to 
For years the writer of these lines has been searching leam> further, that the new views of the subject quite 
in this mine ; and if, like other workers in hidden recently put forward by eminently practical men will 
regions, he has brought up to the surface what is of probably altogether revolutionise our notions of, and 
little worth, there is in the bulk of what has been modes of dealing connected with, “ friction." Erom 
collected much of great value, which through the what is said on this special subject in another part 
present medium will be presented to the reader of of our work, under the title ** Recent Research in 
Thb Industeial Self-Instbugtob fob Homb Study. Friction," the reader will see that this subject has 
In addition to this the writer hopes to be able to long formed a species of battle ground in which have 
give notes on subjects of practical interest which, as been fought out the conflicting theories and statements 
above stated, could not form the subject-matter of a of diflerent writers, From these a great deal of 
special paper in the text. We proceed, then, to our complexity has arisen, not lessened by the mistake 
plmBant duty — for it is true in all things that it is made so frequently by scientifle men, assuming that 
more blessed to give than to receive — ^with this proviso, all machines are alike, forgetting that the oonditionB 
however, that this, the flrst presentation of matter dug under which each machine works constitute, in fact, 
from the mines we have named, must not be taken as the circumstances of working which alone require to 
a sample of the gifts yet to come ; this our flrst paper be considorod. By thus taking each case as it is, to 
being almost wholly intitjduotory. >Vnd here one dealt with by the machinist, many of the diiHculties 
word as to the plan of this department of our work, which have hitherto attached to calculations about 
No attempt at classification of subjects has been frwjtiou can be got rid of. Friction, from the machine 
attempted. Apart from inherent diifioulties, con point of view, is, it is well known, the rubbing of two 
sequent on the diversity of the subjects to l)e dealt metals in contact with or against each other, and 
witli, and the necessity to economise space where the diflerent metals bringing into existence different 
there are so many demands made upon it, the ranging effects, diflerent coefficients are employed in caloula- 
of the diflerent paragraplis under special heads or tiona. But it is also well known that by inLorj>osing the 
<dasses would tend more to confuse than to facilitate lubricant between the metals much of the rubbing or 
ready reference to them. All that is practically frictional effect, so productive of loss of power and 
necessary to make reference fairly easy will be gained wear and tear, is done away with. Perfect lubrication 
by simply numbering the paragraplis. And this is is where there is a complot<j ring of oil round the re- 
necessitated by the fact that, while all the subjects volving poits, or a film between the surfaces, so that 
will bo treated with great brevity, some will demand the metal swims in a bath, so to say, or floats upon a 
inore than one panigrtiph, and as the different para- btith of oil or lubricating substance. Here there is 
graphs may be given at different times, the connection a complete separation of the one metal from the 
between tliem will be easily mode out by roferonce to other, so that practically, and taking a common-sense 
given numbers, view of the subject, what in this cose is the point 

with which the machinist has to concern himself, is 
(2) Those who Imve had mucli to do with the not the friction of the metals, for they never touch 
working of wacliinery, and who aio observant of its each other, but the oil, grease, or other lubricant 
facts, know well that tiie difference between the which separates them and prevents them from 
working of one machine economically, and tlmt of rubbing on each otheiv-in fact, the friction of metal 
another which takes more power to drive it, or and oil or grease. If wo possess a good lubricant, 
.lisplays rapid wear and tear, is caused by something and can manage to apply it properly, we Lave got 
very simple— what thoughtless men would designate a all we wish. And in getting it we get rid also of all 
trifle. Amongst these trifles, so called, may be placed those complicated and, to the young mechanic, too 
« lubrication," which may be defined as the art of often confusing calculations and considerations which 
lessening friction or the rubbing of moving ports, have made the subject of friction such a bugbear to 
with consequent wear and tear and loss of motive many. The reader will perceive, if these views are 
power, ].y the use of greasy or oily substances applied accurate, how much simplified the subject is, and 
to the parts. Lubrication in itself seems to be a how investigation and experiments must go in quite 
very simple matter indeed, and one which would not another and an easier direction than that of the 
demand any very special care. But the young reader past. It must not, however, be assumed that the 
may, nevertheless, be surprised to learn that it is one lubrication is itself altogether a simple matter. What 
which involves so many points that its consideration points connected with it are likely to be practically 
may be said to be a new soienoe, as the designing and useful to our readers will form the subject of future 
making of the appliances or apparatus its careful paragraphs. 
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THB PRXSBBNT CONDITION OF OUR INDUSTRIAL WORE. 


COOTENTS. 

tbe Doing of Btd or Inferior Work^Tho Tnmlng'Ont or Pioduoing of 
Poor Mwteriala or Inferior Ooo<li— The Byetomatlo Doing of DaA 
Work— The Prodnotion of Inferior Goode- The Doing of Cheap 
Work ByeteznatioaUy an Eenentlally Weak Point In our Position as 
Toohnioel andlndustrieJ Workers— Healthy Influence of Work done 
in the Boat Way, upon Trade and Employment— Some Prootiool 
DevelopSMnt of the Yicloua Principle of doing Bad and Cheap 
Work, ■ » 

The Doing of Bad or Inferior Work— The Toming-ont or 
Producing of Poor VatorUle or Inferior Qoodi. 

But the full “power” which has giren, us our poet, and 
which will retain to us our future supremacy as producers, 
will only be attained if to the determination to exorcise 
It in tho ways just named be added another power. This 
the very gravity of tho struggle for work which we arc main- 
taining with competitors all over the Continent is bi-inj^ng 
more and more' to the front as one of the important factors 
— if it bo not, as some think it. is, tho most important factor 
^in those calculations which afEcct the future prosperity of 
our country. What this othor “power” or influence is, and 
how it is to be brought into operation, wc shall presently 
sec. Wc have said that we are essentially practical in all 
our work— or, to use a graphic phrase, we are the “out- 
and-out best workers ” in the world, We can do tho very 
best work which workers can do, and we could always do 
it if we willed. Unfortunately wc do not always will it. 
Hence, while it is quite true that we can do good work 
better than any othor peoples— that is, truly and essentially 
good— it is no less true that we can do bad work. And, 
unfortunately for our highest and therefore our truest. Interest 
as producers for the markets of the world, we have not 
merely the ability to do bad work, but wc do it on a most 
extensive scale. And the singularly suggestive circumstance 
is that so many amongst us have agreed to do bad work 
systematically. There is such a “purpose in this our mad- 
ness” that we have positively educated ourselves so as to 
have the ability to do bod work in the best— that Is, the 
worst way. This phrase, which will strike somo readers as a 
curious one, has in reality a very close bearing ui)on this very 
point of “ practicality ” in work on which rests, as wc have 
seen, our supremacy os producera Only those who know 
what good work is, can foim any ooncopUon of the difficulty 
of tho task which is given to a truly good workman when he 
is asked to do bad work, We have known good workmen^ 
the very kings of their calling, when asked to slur over their 
work— to do, in fact, bad work— frankly confess that they 
could not do it, Goocl work they must do— none other than 
this ; they may charge less for it in the way of wages, but good 
work they will give, cannot in any wise do work other than 
good. Of course there are goo<l and batl workmen in every 
branch ; so that when bad work is to be done, the workmen 
who have “ ability ” oi^not to use a good word in a bad 
sense— the “capability” in this direction, are found ready 
enough to hand. 

Tka Syitematlo Doing of Bad Work— Tho Prodnotion of 
Inferior Oooda. 

But a further curiously suggestive point in the connection 
in last paragraph is that the very practioality which 
we have seen to be tho most valuable oharacteristio of tho 
English workman crops out in the oddest of ways. So odd 
VOL. I, 


that it Is absolutely true that we do bad work so sysicmatlo- 
ally that we can make the boast— we can scarcely call it tho 
proud boast— that wc do our bad work in tho very l>c8t of 
ways. Wo need not cite practical cas('s in proof of this 
paradoxical position ; it will serve the imrimsc we have in 
view whem we hint that tho machinery or mochaninm for 
doing bad work— lot us say in conncHStion with a certain 
branch of textile industry, is simply porfectioii in the way it 
docs its work. Bad work is of two kinds. .First, that which 
is done by a clumsy, badly-traiiunl, or out-and-out inefficient 
workman. This is so transparent, so obviously and so hope- 
lessly bad, that it deceives no one. Any one can sec that it 
is l)ad ; it makes no pretensions to be judged as good work. 
The second kiTid of bad work is of quite another class— its 
very intention is to deceive, to assume that it is good while it 
is nevertheless essentially bad. The greatest care is therefore 
taken that the decoptiou shall bo complete, and thus it comes 
about— as wo have so paradoxically saitl— that tho bod work 
is done in tho bc^st and most practical way. In one sense, 
therefore, it cannot be called bad work, for it is not I>a(lly, it 
is y/cr contra beautifully done. But it is tlic beauty i>os6eBSed 
by tho apples of Bodom, tho blossom of fine fruit externally, 
but dust and ashes within. Viewed in their mornl uspccis, 
the two classes of bad work come umlor two quite dilbiront 
categories. But of tho liad work which is done in tbu best 
way there arc also two classes. The work which is ilonc with 
the intention to deceive is bad in every sense ; but there is 
bad work, while yet done well, which is put out with no 
intention to deceive, but simply with the desire to give the 
best look to bad mat^irials. Here the maker, pushed from 
one cause or another to do cheap work, confesses, or at least 
makes no effort to conceal the fact, that che.'ip work can only 
be— must bo, because it it cheap— pisu*. that is, biul work. 
“ You cannot got both good work and a low price ; and if 
you insist upon having cheapness you got it at the cxiKjnsc of 
goodness.” This is what in effect the maker of cheap and 
bad goods says. 

Tbs Doing of Cheap Work Byitematioally an Essentially Weak 
Point in our Position, as Teohnloal and Industrial Workers. 

Now, it is the simple statement of a fact to say that it is 
difficult to ovorostiniatc tho evil influence this desire either 
to have or to i)roduce cheaply done work has exorcised and 
still daily exercises upon the character of English proiluction. 
It is horn unnecessary to inquire whether the desire of the 
public to have or that of the maker to give to or force upon 
tlie public Vjad or cheap work Is to blame for this. Sufficient, 
and unfortunately more than sufficient, it is to know that 
cheap work has done an infinite deal of mischief to our power 
and position as producers for the markets of the world. The 
very highest of our technical authorities have |K;1iiIo<1 out 
how the desire of purchasers to liave cheap work— no matter 
what it be in (pjolity, so that it be cheap— and the rejullnesa 
with which some makers minister to this desire by supplying 
it, is literally sapping the foundations of our prwl active 
strength. They maintain— and facta to any extent arc at 
hand to support thorn in their view— that this system is 
getting us and our work into such evil repute in markets 
where once we stood the highest, that those markets am 
being »pidly closed against us. Nor is the influence of this 
system upoo the workpeople, those who produce the cheap 

4 
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•nd bad work, less to be deplored. No man can peraivtcntlj 
do bad work, employing bad mateiialB and knowing that he 
does ao, without sufteiing a twofold inju^. A material one, 
Inaamuch aa the doing of bad work in itself is the worst 
possible education for a workman. No matter what the 
class of work bo in which he is employed, he has to unlearn 
much of what he has practised before he can begin to learn 
the doing of good work ; and those accustomed to do bad 
work as a rule, have as a rule also but little desire to move In 
a higher walk and do good work. But the evil influence of 
the system is not loss to be deplored when one c^ensiders how 
the moraU of workmen engaged In It is lowered, till from the 
Incapacity to do good work they sink to the yet lower level of 
thinking there is no evil in the doing of bad. Of the olasses 
who maintain this deplorable system of cheaply and badly 
done work— the purchasers who must have it and those who 
produce it. — it may well bo difficult to decide which is the 
worst We should be inclined to decide that the public, who 
insist upon Imving work done no matter how, so that It he 
cheaply done, are those who are chiefly to blame. For from 
one point of view It may bo said that, so far os the producer 
of work is concerned, it is a matter of indifference to him 
whether ho gives out bad work or good ; in either case be is 
paid for it. But from the true point of view nevertheless the 
makcr^s best interest lies in the production of good work. 
There arc very few indeed who are so lost to a sense of what 
is in itself the right thing to do, who would not “ feci more 
comfortable '—to use a common but suggestive phrase— if 
they did good work, the very Ixist of which they arc capable, 
and would rejilly be thankful to be spared what they know 
and feel to bo, when things ni’c called by their right names, 
a degradation. When a man has done work in the very best 
way possible to him, striving to his utmost to attuiu to it, he 
feels satisfled, and there is a mental and what may almost be 
called a physical, a material elevation of his being, as the 
result.. This satisfaction cannot possibly arise from the douig 
of bad work, We hoar on every side the complaints of the 
general public as to the difficulty there is to get workmen to 
do good honest work, worth the money they so grudgingly 
pay for it. It would be well if the general public, who groan 
over this what they call doplonible truth, would consider in 
how far they themselves arc responsible for its existence. As 
a rule the public will have cheap things : whatever other 
attribute they may have, this of cheapness they must possess. 
The instances arc very few and far l>etween, indeed, when 
they insist that good, fair, honest work they must have, 
and when they avow thenvsclvcs ready and willing to pay a 
good, fair, honest price for it. The position is, as a rule, 
quite the reverse of this. And recuri'ing to what we have 
said above as to the moral injuiy done to workmen who are 
kept persistently at tho doing of cheap work, it is difficult to 
see upon what grounds the general public base their faulN 
finding as to the difficulty of getting workmen to do good 
work. They have been and are daily doing their very beat to 
plaoe them in such a i>osition that to meet their desire, or 
rather determination to have cheap work, the masters have 
Ijeen, so to say, compelled to educate— to train— their 
workmen in the doing continually of w^ork which masters 
and men alike know to be bad. Bad in reality, bad in its 
moral influence, bad all round— everywhere and cverywhen. 
As things are, the public keep working round in a vicious 
circle, which pei*pctually returns into itself, and towanis the 
centre or vortex of which they compel or force all to be drawn. 

Healthy Influsnos of Work dono in the Bost Way, upon 
Trade and Xmploymont. 

Time was when our technical and industrial work was 
done on wholly different lines— when masters and men alike 


held the highest views about work. They then prided fhem- 
selves on doing only the vory best work they could do ; and 
the modein style ot work and the modem class of those 
who do it, known now only bat too widely and but too 
well by the names of ** scamping*’ and of ** scamps,” were 
quite unknown. In those early times, the truly golden age 
of our working history, whenever and wherever English work 
was done or English productions were met with, the very 
fact that they were known to be English stomped them 
with the highest value. And this simply beoause the term 
English or British made '* was understood, and best of all 
believed, all the world over to bo but a synonym for every- 
thing whioh constituted the highest value in the materials, and 
tho best possible work of which human skill and knowledge 
was capable in its making or oonstructlon. Wo are far from 
saying that this has so completely changed that it does not 
apply at all to our present position as makers and producers, 
So ^ from this, we believe that it is just because there arc 
many masters and men of the high class named above— 
the true aristocrats of British technical and industrial work 
— who still keep up the old reputation of English-done work, 
—more of this class than of tho bad opposite, — that we to 
a largo extent still maintain our supremacy as producers. 
Such men, with such work os they do, constitute in vciy 
trutli tho salt whioh prevents our going to utter decay. It 
was this grand principle of giving our very best work which 
formed the foundation and which raised the superstructure 
of that fame whioh placed English work and English pro- 
duce at the highest point of reputation. It was this which 
created and maintained the world-wide maikcts, which brought 
customers from every quarter of the globe to our shores. But 
to this, which forms tho brightest page of English technical 
and industrial history, there has boon, as we have seen, 
a sad and a shameful reverse. That desire of so many 
— that ** hasting " to bo rich— has from very small beglnulnge 
reached to such a point of development that on the very 
largest and most extensive scale, manufacturers and trades- 
people, in order to make a market, and above all to realize 
profits quickly, make dolibcmtcly and purposely goods of the 
poorest, and yet in such a way as to have all the external 
appearances of the highest quality. These have been sent, 
are being sent daily, to all parts, flooding markets with their 
debased products, to which markets formerly notie but tho 
very best products of English work were sent. At first this 
policy— for it was but this and nothing more, having not a 
shred of sound principle In it— succeeded. It took time 

for it to do its evil work; but it did not take long, and 
when at last ‘*wo wore found out,” such produce naturally 
and properly was objected to, and by many of our former 
customers refused to be had at any price. And to such an 
extent was this policy, suicidal in every sense, carried out, 
that in many markets— and unfortunately for our national 
Intorosta, vastly too many— where In tho better, the “brave 
days of old,” ” English made ” was but an equivalent for 
everything that was good in material and sound in make 
or construction, the term became a synonym for all that was 
the reverse. Need it then be wondered at tliat other countries, 
competitors of our own in the world's markets, saw and care- 
fully noted all this ? They did see it, and were not slow to 
avail thomsclves of the opportunity which it afforded for them 
to gain what probably they never would have gained but for 
this our own silly stupidity, to give it no worse name— the 
commerce of what were at one time our markets and oure 
only. Our foreign competitors began, therefore, the making 
of goods for those very markets ; and by giving honest, that 
is, good sound materials, and the very best of workmanship 
of which they were capable, they in some markets fairly 
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onited TIB from our former poiition. It ii a matter of Tiotoriety 
— Bo notorious that no one con, eyen If they have the hardi- 
hood, dispute it— tliat markets of which at one time we hold 
the exclusiye monopoly are now quite lost to us. It would at 
this period in our history bo impossible to sum up the amount 
of work, and by consoquenoe of money, which has been lost 
to us as a nation through this cause alone. If it were possible 
to arxiyc at some estimate of this loss, the mere amount of 
it would be so appallingly lorge that it would surely strike 
those who are even now doing their very best to perpetuate 
a system which has brought directly about such an enormous 
loss to the nation. 

From a very early period In this pitiably sad part of 
English industrial history, the far-seeing, the prudent, and 
above all, the hlgh-[)rincipled of our producers and workers, 
pointed out the suicidal nature of a policy like this, and 
warned their less scrupulous neighbours of the Inevitable and 
disastrous result of it. But while wisdom thus (Tied in the 
streets she cried In vain, arid matters proceeded from Imd to 
worse till the bitter end was reached, and, as we have said, 
many markets once open wore closed oomplotcly to our 
jjroduoc, But while, fortiuiatcly for us as a people, this 
wretchwl suicidal policy of grasping present prollts at the 
exjxinse of future work is the exception to that high-prlnci- 
pled mode of doing busnioss which should be the cherished 
birihright of all true Englishmen, still ho widely is the 
influence of this evil policy extended, and so prejudicially 
docs it now operate, that our high-principled technical 
authorities do not cease daily to raise their voice in earnest 
protest against it. They avail thcmMelvcs of every opi>ortunity 
to point out how the vital interests of the nation arc hound 
up with a policy the very opi)ositc, and how those interests 
can only be secured by <loing cveiything in our power to got 
rid of the evil system, which is rotten to the core in principle, 
and ultimately niinous if persisted in, to the practice of our 
future trade. 

Soma Prootiool Savelopmenti of the Tioiotu Ptinelplo of doing 
Bad and Cheap Work. 

In an early paragraph we have said that it was not to one 
but to many causes or inlluenc.e 8 that we owed thst supremacy 
in production which gave us at one time the absolute mono- 
|)Oly of the markets of the world ; so will it now be seen that 
the influences at work which have caused us to lose much of 
that supi^macy, and which have shut us out almost wholly 
from some, and to a large extent from a great number of 
markets, are also numerous and many-sided. But of these 
depressing causes there cannot be a sliadow of a doubt in the 
minds of those who know intimately the actual facts and 
circumstances of modem practical, technical, and industrial 
work, that not the least powerful arc the two we have been in 
the last few paragraphs considering. Namely, first the wide 
aud strong demand for cheap work ; and second, the pro- 
duction of altogether bod or deceptive work,— that which 
aims at finding a market for goods which profess to be what 
they are not. Of these two influences there are many 
develoi)mcnts, the directions of which, if it may not be 
difficult to trace, it is not easy to find space to sficcify or 
number. This, however, is not here necessary. It will suffice 
for the purpose we have in view to look at one or two 
developments of these essentially hurtful and vicious modes 
of doing technical and Industrial work, from which one may 
Judge of the whole. 

We have said the direct tendency of what may be called 
the ** cheapening system’' Is deterioration. Of course it is 
not meant by this term that it merely or only lessens the 
value of the article produced or object made in those par- 


if 

tieular instances in which oheap work is done. That result is 
an obvious and a necessary one. But by the term used Is 
meant this ; that the cheapening system is essentially one of 
deterioration, Inasmuch as the more it is practised the more 
lessened is the power to do good work even when that is 
required, aiid when It may bo willingly enough paid for. 
One cannot continue ati inherently bad course without be- 
coming, the longer it is followed, all the less able to take 
to a good one, or having taken to it, to follow it on and up. 
It is the cHHential vice of all dogniding work that the longer 
it is pursued the more degraded become those working at it. 
This, in fact, constitutes its severest punishment. It may 
therefore bo roasonahly antloiimtod that the punishment of 
the future for our iTcrsisting in the vicious eheaiming system 
will bo more severe tluin It has been up to and at llio present 
time. And how severe that has l)eon In lowering that “power" 
which enables us best to meet the keen foreign comt>ciition 
wo have now every day to face, those best know wlio have a 
practioal and an intimate aG(]uainianco with the facets and 
oircumstanoes of our national iocltiii<^(il aiul indnsit ial work. 
As illustrating in a practical way the evil effect of the 
vicious systems of production wo have botui considering, let 
us suppose two cases, which have, however, but too matjy 
parallels in the dtilly practice of traders, carried on amongst us. 

A largo contract for works required by a public department 
is announced, and estimatos or oilers invited. Tin; amount 
involved is so largt^ and tlio work of that cdiaracter, that the 
largest and wealthiest of our firms enter tlic competition iij 
the hope to secure the work — all the nmre necisssary to be 
obtained as that condition b\it too well known in this country 
as “bod times" may be presumed to exist. It imed scarcely 
bo said that the esUmaion of thos<» high-claHs firms arc i>atted 
throughout on this principle— tliat the best of materials are 
proi>oH<.!d to 1)0 used, the IhjsL of work dtaennimfd to lie 
given. In brief, they are honest offers to do boiufst W'ork, in 
the hope of deriving such profits as may accrue from it, but 
such only as may i)c h‘gltimatcly exjHiCted. But it remains 
lobe said — what can easily bo und(uutood— that, those honestly- 
drawn-up offers, with an honourable intention to fulfil them, 
have to l)C placed in contrast with i>ffcrs from otlicr firms. 
What honourable standing in the true sense of the term lliosc 
other firms have, may bo guessed at from the statement that 
some of those “offers" arc for amounts which could not 
possibly pay— for sums which could not poHsii)ly give, not 
merely go«sl mattjrials and sound workmanship, but materials 
modemtoly good and workmanship even of a second-rate 
character. In brief, those low estimates or offers are 
apparently framed without any consideration of what is 
the real chameter of the work rtiquired, tJomiJiiUtion of this 
kind it is obviously impossible for any liofjestly conducted 
firm to meet or fatJC, In place, however, of si triply and at 
once retiring from the field— in view merely of the large sums 
as well as the value of the principle involvtjd in the matter 
—it may be deemed right that some rcpreHcntatiun should be 
made concerning it In official quarters. The more position 
of the members of the firms may ensure what is not always 
easily obtained— an official hearing. It docs not concern us 
to assume either that the result is favourable, or tljut things ore 
permitted to take Iho course but ttjo fretjucntly followed— 
that is, to allow the (piestion of price alone U) determine the 
matter, this being in favour of that offer which is the or 
amongst the lowest. In all cases where low offers or estimates 
decide the question on which work Is to be given out, it may 
well be asked what chance have firms who only give good or 
the best of work with those who cannot possibly have any 
regard to the honesty of the work they pror)OHo to do, if that 
ia to be measured by the j)rico which they ask for it ? If well- 
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ormdticted flrmR m to obtain work at all under iuch circum- 
BtanooB, what rcHOurcc can be left them but nimply to follow 
In the name erll course, and be perfectly Indifferent as to the 
character of the work done, bo only that it can bo cheaply done 
and have a profit Bomehow or other sorewod out of it 7 
It Ib not always easy, in many oaf<cs it is imposnible, to 
divine or fathom the motiros which induce parties oomj>eting 
for work to send in offora the amount of which cannot poBwbly 
allow either good materials to bo used or good workmanship 
to bo given* But some of our loaders— tho«e who are youth- 
ful, at all evontB— will bo somewhat surpTised to learn that 
instances arc not quite unknown— seriously they are but too 
frequently known— in which the parties competing, and who 
liavo sent in offers" of the lowest kind, altogether Incom- 
patible with work having even an approach to moderately or 
passably good— have been not on the verge of bankruptcy, 
hut at tbo time actual bankrupts* With such, and others 
hut too like them, the only object is to got work, no matter 
how ; and getting it, to do it in the best fashion possible 
under the circumstances— which fashion may, even by in- 
experienced readers, be guessed at* What Influence this style 
of doing business has on the character of work, but more 
especially on the chameter of those engaged in doing it, may 
be guessed at, But if we further consider that work of this 
class goes to foreign countries, their governmentB, or to 
private consignees abroad, one can easily understand what 
tbo influen<‘0 anil be on the actual proS|)ectB of our trade. 
If sucii foreign peoples have not already begun to compete 
with us in work of the kind, the loss and disappointment 
arising from the bad work they have got from us wdll add 
another to the many strong reasons they in common with 
other foreign peoples always have to enter into competition 
with us, and to do lludr owm work for Ihcmselvos. Or If 
already in some w’ay com [toting, the influence of this unfor- 
tunate cxpovioncG of our bod work will be such as to mako 
them earnest to make their competition all the moi'C powerful 
than before. And thus it may oome about that, in place of 
doing their own work only, tlicy may do it so well as to take 
up a wider fleld of competition with us, and supply peoples 
other than our own whom wo have at one time supplied' 
(Such, in ])oint of fact, is the actual phase through whioh more 
then one oom[)cting nation has entered the field with us to our 
own great loss and detriment. Looking at the matter from 
a common-sense point of view, this would appear to bo the 
wise and worldly-prudent thing for us to do : namely, to 
give such good work to foreign customers that they, being 
thoroughly satisfied with it, will have no desire to do it for 
themselves, feeling that they could not be better served than 
by coming to us. What is the result of the opposite course 
wo unfortunately in too many coses know but too well, 

We now suppose another practical illustration, showing the 
evil developmcnta of the evil principles we have been eon- 
sidering, which also has its parallels but too frequently in 
practice. There ore in this country ceitain very important 
branches of technical work carried on, whioh require certain 
materials of a more or less costly kind. The making of those 
materials gives rise to another and correspondent class of 
work, involving as a rule not merely the application of 
principles of the highest soicntific valuc^ but extreme core in 
manipulation and general treatment of the substances. Our 
best establishments, whose interests are to do the best of 
work, use naturally the best of these materials. Now here 
comes the point, Let us suppose the following, as for example, 
(1) That the Insst materials are procured from abroad, the Oon- 
tlnental makers excelling ours. So much so that our makers 
cannot, at least as a rule do not, offer samplos or sell in bulk 
materials of the same qu^ility. That what as a rule is offered 


for sale by our makers is not to be relied upon as posBessing 
the same purity and value as that offered by their foreign 
cempotitors, or it it bo as good at one time, is not so at 
another. (2) That the foreign makers, on the contrary, offer 
what Is almost always in the state of parity It claims to be ; 
and where quality varies, the variation is plainly pointed out 
by the seller, and the price is in pro|)ortion to the purity or 
quality. (8) And that to adnlterate or to bo careless in the 
production of the matorialB has as yet, at all events, nob been 
thought of by many foreign makers : on the contrary, that they 
make every effort to improve the manufacture and to economise 
production ; and where that economy Is secured and the cost 
of production lowered, the English purchaser is always made to 
participate in the benefit by being asked a lower price* And 
suppose further, (4) that the foreign maker is not seldom 
known to devote his labours to the making of one product only, 
giving hie best energies to the perfecting of the process of making 
it. aiming not so much at making large quantities of it as 
at making what he does of the very best quality,— and if 
as the natural result of all this ho increases his trade, and 
by this means his capital, ho often devotes a large part of 
that to the improvement of his trade. Suppose that all this 
constitute existing facts,— some of our readers connected with 
certain trades will know very practically, and possibly pain- 
fully, whether they bo so or not,— and that such at least at 
present Is the state of the trade carried on by the foreign or 
Continental makers of the materials in question, and whioh 
are as a rule preferred by our best or high-class manufacturers 
or traders who use them in their business. The reader will 
naturally say that this method of doing business is sure to bo 
suoccBsful, for it is the best way. And they— at least some of 
the less exporienoed of them in the ways of trade— will be 
disposed at once to conclude that this best way is also that 
followed by at least the majority of English makers of the 
same materials. Let us finally suppose that this is not so. 
Surprise, in that case, will not be expressed at the fact that 
some, If not all, of our English makers should complain 
bittoily that they are not able to compete with the foreign 
makers, who therefore take the best of the trade. Some of 
our readers will conchide that the true ground of surpriso 
would be if, under the clrcumstanocB named, our EngUsh 
makers expected with their system the result to be different. 
Doing business In the way we have been mppoting they do, It 
would be a true surprise if they could compete with their 
foreign rivals. Not merely in the particular case cited, but 
in other departments of manufacture of substancos us^ in 
trade, it is too frequently the case with us that, however 
careful makers are in the early stages of their business to 
make their materials good so as to get a reputation for them— 
when once that reputation is made and the business pays, they 
relax their efforts. They get careless as to the high quality of 
their products, contenting themselves with the reputation they 
formerly gain^. It would bo well for our trade interests if, 
in Buoh cases, carelessness in the original method of maTritiy 
wore the only result. Too frequently adulteration is resorted 
to, in order to Increase profits. This adulteration, indeed, is 
with some in the trade practised from the very first 
in connection with at least one branch of work cited above, 
it is a enrions thing to note that some users do not complain 
of the materials being adulterated,— what they do complain of 
is the deceit practised, the trick played ** or attempted to be 
played upon them, in passing off materials for what they are 
not. And hero it is worthy of note that it seems to be the very 
irony of fate that some English tradesmen should so bitterly 
complain of the deceit of a system which was inaugurated 
by their own countrymen, and which so many of them have 
played off upon for^gn customers. 
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THE JOIVER: 

TBI GBNXRAL rmOlPtES AND THB DETAILS Of RIB WOBX. 

CHAPTER L 
XtttroduotioiL. 

The material with which the joiner works, like that 
of the carpenter, is timber or wood. These terms are 
soaroely synonymous. Taken as separate or individual 
names, they in some measure indicate the difCorenoe 
which exists practically between the two classes of 
work, that of the carpenter and that of the joiner. 
When the term wood is used generally, it is intended 
to convey the idea of the kind or class of material 
>btainod from trees, large or small as the case may be, 
and which as a constructive material is known to 
possess qualities very different from the other con- 
structive materials known as stone or iron. But 
when we come to use the generic term wood, as 
applied to some deiinite kind of construction, we 
find tliat it osHiimes two bi’aiadies, to one of wliich 
the term wood " is still applied, to the other the 
term ‘*timlx*r.” And it may be safely hold that 
oven in popular estimation the tomi ** timber” or 
“ timbers ” conveys the idea of the material pi'esent in 
large masses, to which the names of balks,” “ logs ” 
or “beams” applied (see tho “CyclopaMlic Dic- 
tionaiy of TechnicMil and Trade Terms ”) j and tlie trade 
concerned in tlio working up of which is also i)opularly 
understood to be that of tho carj)enter. On tho other 
hand, still keeping tho distinct ti*ado in view, when 
we talk of tho generic name for the material as 
being used, wo give tho term “ wood ” or “ woods,” and 
conceive of its use in connection with tho work of 
the joiner. And joiiier^s work, wo all know, deals 
with the material in ct)inparatively and actually small 
masses or pie<H5S ; tho work done with these giving 
a very wide army of nanie^. 

The Bistlnotion practioally made between Carpenter*! and 
Joiner*! Work. 

The distinction above glanced at in {)ractice consti- 
tutes tho dinbrenco between tho w’ork of the carpenter 
and the joiner. The airpenter deals with the material 
in the form of long and bulky pieces, and out of thorn 
aiTanges certain largo structures, forming the joints 
and piecing or placing them together, in ordcfr to make 
— keeping in view lionse building or construction only 
— the floors, i)artitions and roofs. Those may in one 
sense bo called the external work of the stnudure, 
but more correctly tho general framework by which 
the walls are, so to my, bound together, and by which 
the whole is covered to protect it from the inclemency 
of the weather. In this class of work tho timber 
id left with its surface rough, just as it comes to the 
head of the workman from the saw mill, or as it is 
imported direct from the “lumlicr” w-oiks of the 
foresU of northern Europe, in the Old World, or from 


those of America in the Kew, from which our sup- 
plies of timber are obtained. And while referring to 
the term “ forest,” it is curious and suggestive to note 
that tho distinction between “ timbers ” and “ woods ” 
in relation to size which we hmo observed is 
carried out more or less in the case of the places where 
timber is grown. Thus we know pretty well generally 
*that when we talk of “woods” we refer to tracts 
of land under timber comparatively limited in extent, 
and bearing trees not very large or very old ; when 
we use the term “ foi'ests” we mean more extensive 
tracts, including very large and veiy old trees, and 
very numerous. 

Ottneral Character of the Work of the Joiner, 

Leaving Ujo spcriflt! w'ork of the oar£>oiitor (see 
“ The Carpenter on the other hand we find tlnit tho 
joiner takes the material in pieces of comparatively 
small size or bulk, and cuts them into tho form or 
shape and tho dimensions nrcoasary for certain “ fit- 
tings ” of the house — tlie surfaces in nil canos being 
made clean and smooth j this being gen(‘ra)]y done by 
the opemtioii of “ ])laning.” Tho “ fittings ” of a houso 
in wood, or “joiner's work ” os it is generally termed, 
come under two classes — exterior and interior w'ork. 
The exterior work comprisi^s the external, fi*oiit, Iwick, 
or street doors — tho window iVames, and whore stones 
work is imitated in wood; bay and bow window' 
work, eavi‘s, cornices, l)argo boards, etc?., etc. Tho 
interior work comprises tho floor projx-i', or ila^ 
fiiirfacos on which w’o tread, known as “flooring 
lioards,” the fniisbing of those at the parts where 
they join or come up to the walls, known as “ skirting 
boards,” “dados,” and the like; the interior furnishings 
of the w'indows, as in sill, nrchitruve, sli utters ami 
shutter-boxes, intt'rior doors with their ureliitraves, 
and panelled work. Cliiinneypioecs foniicrly con- 
stituted an important part of tho work of the 
joiner. But w'ooderi constructions are now almost 
wholly superseded by stone, maibhf, enamelled slate, 
and for bed and Kjhh important rooms (wist-iron 
chiinneypieees. A very im 2 )ortjint i>firt of the work 
of tho joiner is the design and making of (In' w’ouden 
Ktaircascjs by which communication is Iiad from one 
floor to tho ( llior — and in connection with this the 
department of hand -railing. 'J'Ihj class of W'ork done 
in those tw^o depai'tmonts — staij-ciising and hand- 
railing — is in many cases wj dillicult, and involves, 
(>spocially in the case of hand-railing, so many 
intricate problems, tlmt tlujy ai'e frequently 
pursued as a distinct trade. Tlie various inside 
fittings of a house, such as shelving, etc., all come 
under the domain of the joiner, who also iindcr- 
takoft all the iron work connected with doors and 
windows, etc., etc., and which — as hinges, latches, 
locks, etc., etc.— are known generally as “furniture,'’ 
such as door furniture, wdndow fuiuiture. 
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Brief Hiitorioil Gliiioe et the Art of the Joiner^Iti Technioal 
Suffffeitiozie. 

In considering the relative antiquity of the two 
trades, the carpenter and the joiner— although the 
two are frequently combined in one individual — 
there is no doubt that the palm of seniority must be 
awarded to the trade of the carpenter. Shelter was 
a primary necessity (see the series of papers entitled 
** The Carpenter,*' and that of ** The Stone Mason ^ 
and The Bricklayer *'). And this, as we have seen 
from those papers, would at first, and for long, be of 
the roughest and rudest kind. But as the arts of civili- 
sation multiplied, the demands for mere shelter from 
the inclemency of the weather would be supplemented 
by those which a desire for something more than 
shelter — namely, that for comfort — would evoke. 
And as wealth increased those internal fittings, which 
at first would be of the simplest kind, would be made 
more luxurious, and both in general form and in 
detail would begin to minister to that taste for the 
beautiful which seems to come with increase of 
comfort and of luxury. We can easily conceive, thoTi, 
that at first, as the interior fittings would be rough 
and hefivy, and the conveniences clumsy, the car- 
penter who had framed the timber work of the house 
would take in hand the making of iliose fittings. 
And it would only be at a later period, when the 
fittings became of a lighter character and more 
ornate in design, and cons('(|uently more difficult in 
construction, that finer and more costly tools would 
be required than those in use by the carpenter, and 
in keeping with tlio tendency to promote division 
of labour, whicli naturally brings with it an acquire- 
ment of greater skill, and whiclj w’ns early developed 
in the progress of civilisation and its vai’iod arts, 
the making of the interior fittings of houses would 
become a distinct bramdi, and the special trade of 
" the joiner ” would iKJOomo established. 

Saltfaotf to bo Trastod of in tho Freaant Fapor. 

In the px'esent series of papers we intend to explain 
and illustrate not so much the tools and appliances 
with wliich the joiner works — as those can only best be 
understood when seen, handled, and worked with, or 
seen as worked by the hands of a skilful workman — as 
his actual constructions and their details. Nor will 
this be here necessary, as it is intended to devote a 
series of papers to the special subje<;t of Handicraft 
Tools." Our illustrations will, therefore, have reference 
more to the form which certain parts assume, or theii* 
design, than to the way in which tliey ui'e made by 
tools, — more as to to/ial is made or done at the launch 
than Aouf it is made. This latter p^irt of the joiner's 
duty can only be learned thoroughly by working at 
the bench, seeing how the work is done, and by long 
continued practice in the doing of it. This plan or 
mode of treatment does not preclude us, however, 


from giving sundry hints incidentally, or more syste- 
matically as occasion serves, as to how work should 
be done. As to which point all that is at present 
essential to say is that the work should be honest 
work — the very best which the workman can give ; 
no shirking, or scamping ” — as the graphic phrase 
of the workshop puts it — being at all admissible. If 
the very best which the young joiner can give be 
not the best which is wanted, that best will come 
in due coarse in virtue of practice and a dogged 
determination to succeed. Borne was not built in a 
day,” and finished workmanship is only reached by 
patient and honest practice. Some may reach it 
quicker than others, for abilities vary with different 
men. But although the progress be slow, still if 
improvement be clearly made, the young workman 
must not and need not be discouraged ; quickness 
will come with practice, and good work also — ^the one 
thing required in all cases being a determination to 
do one’s very best. 

Claiiiflostion of Joints, 

Tho first department which shall engage our attention 
will be that of methods of joining pieces of timber 
together which are placed or lie when joined in certain 
special relations to each other. This department is 
technically termed ** joints,” and bears tho same relation 
to the finished or completed parts as the ** joints” 
illustrated under the title of ** The Carpenter ” bear 
to the finished constructions— as floors, partitions, and 
roofs — which see. Of tho joints used in the joiner’s 
art it is not easy to give a precise classification in 
definite groups or families. This does not arise so 
much from their more numlier — altliough this, as will 
be seen, is great ; but because several, so to say, 
overlap eacl» other, and ai’O depeiMlciit ui)on or arc 
related more or less closely to some other. Some 
again so overlap with, or in princijde so closely 
i-oseinble, similar joints in carpentry, that it is not 
easy to separate tho two by any distinct line of 
demarcation. In the prosont w’ork this will not 
practically much concern us ; inasmuch as both arts 
— that of tho joiner and tliat of the carpenter — will 
be found treated of in its pages. A classification of 
the joints used by the joiner into groups sufficiently 
l»rc‘cise to enable easy i-efcrence to be made, eo os 
to become acqutiintod with their chumetoristios, may, 
how’over, notwithstanding what has been said above, 
bo made, and w’ill be here attempted. We begin 
with the joints used in joining two or more pieces, 
each comiMimtively narrow, and of equal, or it may 
bo of unequal, breadths or >vidths, in order to form 
a flat surface, such os a simple door. (See a suc- 
ceeding chapter on the difierent forms of doors in 
use.) When the separate pieces joined together are 
placed in their permanent position, in which they 
are subjected to certain strains tending to separate 
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them, after they are joined individually, or rather 
after two or more contiguous pieces are joined, they 
ore collectively held together as one piece by certain 
methods which again may come under another 
classification or group of joints* 

Joiaiag of Boards together to form a Broad Burlhoe.—" Trae ** 
or Perfectly Plat and ^ Joined Boards. 

This is one of the cases alluded to above, in which two 
groups overlap each other, so to say, or are used in con- 
junction. In the group in question, the primary idea 
of the joint is to place two contiguous boards in rela- 
tion to each other, bo that their edges shall touch one 
another throughout the whole length, the joined piece, 
or << board*’ as it is technically termed, forming a fiat 
surface, of which the breadth is equal to the sum 
of the two separate pieces. The simplest of all the 
joints in this group is obviously formed by preparing 
the edges of each separate board in such a way that 
the surface of each edge shall be perfectly straight^ 
or ** level,” as some would call it — from end to end, 
and that moreover each edge shall in relation to 
its breadth or width— that is, the thickness of the 
board or plank — be at right angles to its faces or flat 
surfaces, and that at any part of its length wherever 
tested by the “ square.” An edge thus formed—the 
tool called the “ plane ” being used to produce it — is 
called a “true,” or a perfectly true,” edge; and 
when two such edges arc brought in contact, as at o 
and h in fig. 1, the joint is said to be a 'Hnio joint.” 



riff. 1. 


In some cases, as whore a joint pretty fairly air- or 
water-tight is reejuired, or for other reiisons, the edges, 
in place of being at right angles to each ether as at 
a and 6, are made to slope, or are ” bevelled ” or 
** splayed ” off, as at c d and «/. Those when joined 
or placed together give a loss direct course, so t<j say, 
from one surface to the other, or to the line of 
joint. So also in the forms of joint at (j h, ij, in the 
same figure. In this case, as in the joint at a the 
edges g h and e f must be perfectly “ true ” j the angle 
b^g once decided upon, and the ** bevel square ” set 
to that angle, the face must be true to that at any 
and at all points in the whole length of the joint. 
If this be not secured, os also in the case at a the 
joint will not be ** true,” and the two pieces will not 
be squaw or flat, but will **ride” or jog or jolt 
when moved. Absolute "truth” is requisite in all 
joints. 


Joining of Borrow Board* togothor Edgo to Bdgo to form 
Broad Bnrfaoei. 

It is obvious that, however accurately the edges at 
a bt c df in fig. 1, may be made, the two pieces when 
put together will be separated with extreme ease. In 
rough work nails may be driven in diagonally at each 
end, and at various parts of the length of joint. But 
in superior work, where joints technically termed " fair” 
ore required, methods other than this rough, if ready, 
mode of keeping the boards together are adopted. In 
fig. 2, the joint used when boards are " tongued and 
grooved ” is illustrated. After the edges, as a and b 
in fig. 1, are planed or made " true,” a reoel^d part, 
technically called the “ groove,” is ploughed ” out 
by a plane used for this purpose, along the centre of 
the edge, shown at % j, fig, 2, the full length of the 
board; this is shown in section at o and d on the 
edges of the two boards a and b. The two boards 
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thus grooved on tlioir edges are brouglit up edge to 
edge, and a long, narrow and thin strip, technically 
called the "tongue,” l.)ut considered as a separate 
pieco frequently termed a “ fciithta*,” is driven in 
tight, as shown at g» Or tli(s one half of this— shown 
in flection at h—may he di’ivcn in tlie groove of one 
piwe, /f and when in place ilio groove of U»e other 
piece, s, may bo passed over the pi'ojecting part of 
feather or “ tongue,” and tlion " <lrivon homo," the 
tetdinical phrase has it. The tongue or feather ^or h, 
while fitting the space formed by tlie two grooves, 
wlien the pic(^es a and b are brought together, as 
at e /f must not fit too tightly, as when “driven 
home” it is apt to split the sides of the groove. 
Another metliod of joining h)ards togotljor edgo to 
edgo is shown in fig. 1, at j k I m n o, in which 
the projecting part at jf, or tongue, enters the groove ^ 
the edges I and n and o, butting or lying against 
each other, This forms a secure and an air- and water- 
tight joint; and many modifications of its principle 
will be met with in the illustmtions yot to bo given. 

Joining of Board! with Bibi— Freotntioni to bo token to 
Failing on tbe Bibi to the Boards. 

A very simple method of joining boards or planks 
together, edgo to edgo, is shown in fig, 3 ; the two 
boards a and b are >)rought up edgo to edge at a, 
and the joint covered with a " slat,” “ batten,” " rib,** 
" fining-piece,” or " bar,” d, or " roll,” m, broad enough 
to pass some distance beyond the joint on eimh side of 
it. This method is generally adopted iu tlie construe- 
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tion of superior sheds and timber houses. In work of 
this kind, as the boards a and h shrink laterally, tending 
to separate from each other in the direction of the 
arrows 0 and/, widening the joint at c, great care must 
be taken to nail one rib or feather, to one only of the 
boards, either a or h. If nailed to both boards, a rupture 
either of the rib d, or the edge of one of the boards 
or the edges of both piecies, will be almost sure to 
take place, giving ugly splits, and destroying the 
integrity of the connection as a good air- and water- 
tight joint. This splitting of the wood is caused by 
the gr«it power of shrinkage of tho boards a and 5, 
and which being, fis it were, encountered or resisted 
by the rib rf, preventing them separating, the shrinkage 
force is greater than the tenacity of the small part of 
the edges of which the nails take a hold, so that |mrt 
gives way. But when orio rib d is nailed to one of 
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sound work ; when the ►hiinknge takes place, the 
board h is free to move away from the board a with 
its nailed rib c?, so that no strain is thrown upon 
the boai'd a and rib </. When a shrinkage ceases, and 
swelling of the boards takes place, as in damp ^^ eather, 
the boax'ds meet again at the edges 0 . To allow of tlio 
boards giving and taking a Little in case of damp 
weather, the joint 0 should have a little ‘*play^' given 
to it — that is, tho boards a and h should not be allowed 
to be pressed up very closely together when the rib d 
is nailed to one of them. When tho ribs, as p, are 
fastened by two nails, as sliown in fig. 3, the action 
of the expan^ion of the two boards, in tending to 
split the wood, is represented by the arrows « and /. 
In fitting up boards in this way, the “ joiner ” will 
have to exei’cise his judgment, dependent upon the 
condition of the boards and the state of the weather 
at the time cf fitting them up. Allowance will have 


to be made when the boards are damp or ill-seasoned, 
or vice versd. The elevation is shown between, at jj ; 
the ribs, as c?, are in superior work splayed or chamfered, 
as at A; h or f, or made half round, as at m n. 

Joining of Boards Bdga to Bdge by Sunk Foatkori or Bibi^ 
Bftbatod Bdgoi. 

Another method of joining and securing boards 
together is illustrated in fig. 4. In this each board) 



is either worked or tooled by liand, planed or out by a 
machine, so as to leave the edges formed as at e and /. 
This form of edge is technically called a “rebate.” 
When two boards are placed edge to edge together, 
spaces ore formed between them, running along the 
whole length of the boards. Into those spaces, tongues, 
fillets, feathers, or slats, of section as at A in fig. 2, of 
dimensions a trifle less than the size of space, are passed 
into it, and secured by nails which may be driven in at 
the baek— -the nails, as in the case of the method at 
a b, being driven in at one board only. The “ fillets 
are shown in place at g and h in cross-section, and at 
i and^‘ in front elevation. 

Joining of Board!- Quirk Moulds, tongued and grooved, and 
with Quirk Bead. 

A modification of the method shown eijk linnet 
in fig. 1 (anfe) is illustrated in fig. 6, as at a 6 in 
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ele\ ation, and as at o/ h\ d** h*' in section \ the boards 
being alternately tongued and grooved as at a' and d\ 
The edge on the face of the boards or planks a and b 
is finished with a moulding known as the “ quirk 
moulding, os shown at h ' ; the other face may have 
only plain joints, or the edges of both boards may be 
provided T^ ith quirked mouldings, as in the drawing. 
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THE BRIOKLATBB OB BBICESETTER. 

TSE FBINCIPLEB AlTD PbAOTIOAI^ DETAtLS OT HlB WOBE. 

CHAPTER I. 

Introductory. 

It is not necessary to inquire into the relative 
claima to superior antiquity of the sister arts of build- 
ing in stone and brick. Unnecessary, in any practical 
sense ; for as regards the history of both, their origin 
is BO shrouded in the mists of time, wo have to go 
back to ages so remote, “ hoary gray with eld,’' that all 
that is loft us is but crude conjectural notions of the 
vaguest and most uncertain. Examples of construc- 
tion both in stone and brick are met with in various 
parts of the globe, the times of which are so remote 
that the very names of the peoples who built them 
are almost, in some cases wholly, lost. And of both 
materials, stone and brick, examples of construction are 
met with, the work of peoples who flourished so long 
ago that they formed the veiy earliest nations, who liad 
become so civilised that they practised various arts, and 
that in so marked a style of excellence that we modems 
have nothing left but to admire and wonder at their 
work; so far are any examples of ours from approaching 
the standard they had reached. It is always inter- 
esting, and not seldom is it fraught with lessons of 
practical value, to inquire as closely as may be open 
to us into the early history of the practical arts, and 
to trace, if possible, the sucoesBive steps by which they 
have reach^ the position of practical efficiency, if not 
of absolute perfection — if this last condition be indeed 
an attribute of any work to which man puts his hand, 
and to the designing of which he puts forth the best 
and highest of his mental powera. 'Whereas in tracing 
the origin of arts such as those of building in stone and 
brick of such remote antiquity, conjecture is only left 
us; and one conjecture may betaken as of equal value 
with another, in so far that both at least may be not only 
possible, but reasonable. In this way, so far as regard 
the relative claims to antiquity of the arts here referi’ed 
to, we may hazard the conjecture that of tlie two brick 
building was the first to be practised. In the vexy 
earliest times, as the poet sings, ** wild in the woods 
the naked savage ran,” and the first advance from 
this wTetched condition towards providing himself 
with shelter would be either hiding himself in the 
ready-formed caves and holes of the earth, sheltenng 
himself under the shade of recumbent and super- 
incumbent rock:^, or T-aising rude huts of tree-trunks 
and of branches, (See the paper entitled ** The Car- 
penter.”) But in regions where wood was absent, and 
the diversified surface of liiU and dale and rocky pass 
and glen of other countries was represented, as in many 
parts of the East, by vast plams the soils of which 
varied from loose and shifting sand to clay or clayey 


earth of greater or less consistency, — here, where the* 
sun beat fiercely down, and was but rarely obscured 
by cloud or mist, mere shelter would be a far less 
important consideration than in the colder and bleaker 
regions of the West and of the Noith. Even now, in 
the sunny lands of the East, the tent gives all the 
shelter that is needed, and failing that, as in wan- 
dering from place to place, where to plant the tent 
involves labour, which iu that lazy land is too often 
grudged, the ^Shadow of a great iwk” suffices. 
Man from the earliest times has ever been, as some 
have defined him to bo, a war-lovdng animal, and 
whether indulging it from pure love of its exciting 
dangers, or from a dosiro to take from his neighbours 
what he liimself does not possess, or posse.ssing, 
desires to add to, man has from oarliowt tiinos 
given almost the iirst place to wnr and the arts of 
war. More bodily shelter in those warm climates 
being but, as we have scon, a j)iiroly secjondaiy 
consideration, what structures at first wore built or 
heaped together would liave more for aim slioltur 
and security against predatory foes or warlike neigh- 
bours. In those ewly timt's, wdum existed widely 

“ Tho gooil old plan, 

That those should take who had the iwwor. 

That those should keep who can," 

there would be on the part of tlmse who liad taken 
an endeavour to keep what they had acquired. So 
that structures such as they were would have for 
their object not so much merely pex;sonal sl^elter as 
storehouses for **ill gotten gains,” which otherwise 
could not be defended against those who had the 
same desire to take what they could. 

Brief Ulaaoe at Early Briokmaking and Building— Fraotioal 
Leiioni to be derived ftom it. 

In the regions which formed tho first cradle of 
man” wide plains exist, and in some instances of 
vast extent, in some prii*ts of wliich oven the 
shadow of a groat rook cJinnot bo obtained. For 
purposes of defence, then, the most obvious of ull 
means would bo the mound and the trench. Earth- 
works” — wliich, in tho curious changes which (joine 
about in the world’s history, form now an important 
department of the art of war— w'ould tlieti bo the 
prominent feature of constru<!tion, eitlier for Kliclb.^r 
or defence, of tho etirliost times in such lands of tlje 
East as w’e have ulludocl to. Wlioro Uio soil was 
sandy, such earthworks, winlo made with the greatest 
ease, would, howx*ver, bo of tho least service in t he 
w'ay of defence, nor could any great height ho ob- 
tained in the sheltering mounds. Bui whiiio, as in 
the plains on which the vast hills - for th<y are 
literally so— made up of tho remains of tiic once 
grand and gigantic city of Nineveh presentc'd for so 
long a period a perfect puzzle to the traveller, alluvial 
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soil of a more or less tenaciouB character wae met 
with, the mounds and trenches made in the first or 
earliest ofibrts at construction would be of a much 
more effective character as regards strength and 
siase sufficient to resist attack. In the throwing up 
of mounds and the consequently following digging 
of trenches with a direct object in view, lumps or 
masses of soil bound or concreted, so to say, together 
would often be met with. The value of these lumps 
or masses, when used in conjunction with smaller 
pieces or more disintegrated material^ in forming a 
mound, would not remain long unperceived. For men 
in almost every — except possibly the lowest — state of 
existence are inventive ; some are specially and cleverly 
constructive animals. The use of such lumps, when 
carefully assorted, would soon lead to the obtaining 
of a structure presenting some at least of the charac- 
teristics of what we call a wall. Nor, seeing the 
advantages of having the soil in masses, would it be 
long before man would perceive that, in place of 
trusting to chance in obtaining such lumps or masses 
capable in some fashion of being built so as to form 
a mass of a certain and a predetermined shape and 
extent — such chance as his rude spade and mattock 
would give him in digging the trench for the raising 
of the mound — it would be a good thing if he 
could make those maivses himself, Very little in* 
ventive knowledge would be required at first to show 
how tlio tenacious character of the soil could be taken 
advantage of in forming masses suitable for his pur- 
pose, this work being greatly aided by tho use of 
water. In pi’oeoss of time tho great constructive 
ad vantages of having masses of definite size would be 
perceived. Further, that a wall — for that would be 
tho ultimate form of the defensive shelter-place — 
boundary, giving mcloeed spaces, could be built not 
only mot'e quickly, but much more strongly, if those 
masses made, literally and ti*uly ^nanufnoturod (see 
The Dictionary of Teclmicol and Trade Terms ”), by 
pressing soil together cither in its natural condition 
if moist en.>ugh, or by tho help of water if too dry, 
were of small or comparatively small bulk or weight. 
For in time men would perceive that many small 
pieces or masses would bind together better than 
fewer and larger pieces ; and hence tho first concep- 
tion of the truly great constructive discovery of the 
principle of bond '' might be obtained. And it 
would, as a further step in constructive invention, 
be next discovered that this binding together or 
** bond ” of the sepamte masses would be better 
secured, and a miivuger wall would be obtained, if 
the dimensions of each mass bore a certain proportion 
to each other, as length to bi^eadth and both to 
thickness. 

At first, in all probability, the suocessive layenn-or 
^^courses,’’ as in modem brickwork they are termed 


— thus formed of small masses or pieces, would be 
made to cohere together or pressed into a mass to 
give stability and permanence, by uFiing the pieces 
while they were soft and capable of being pressed or 
squeezed together. We have as little knowledge of 
how “ mortar" was discovered, and its vast advantages 
in construction began to be availed of, as wo have of 
the ojigin of the arts of masonry or of bnekwork ; 
that it was first used in stone construction is exceed- 
ingly probable, — ^just as it is most likely that what 
led to the drying of the hand-made or manufactured 
masses of adhesive soil was the difficulty in carrying 
them from the places where they were made to those 
at which they were to be used when in their moist 
or soft condition. And this characteristic would be 
still more felt as a disadvantage when handling the 
pieces in building or constructing the wall or mound. 
And when dried, and thus more reodily transported 
from place to place, and more easily handled when 
used in building, the further step of having some 
medium by which the dried pieces could be kept 
together, or in close adhesive contact, would follow. 
Mortar or cement of some kind would thus be intro- 
duced into use. 

TTnburat or Sun-dried Brioks—Bnmt or ArtifloUlly Dried 
and Hardened Brloki. 

This drying of the pieces in the East — tho cradle of 
the human race, as it has been called — was efibeted 
solely by sun beat. In those hot climates this is not 
only very powerful, but its continued influence day 
after day could be so reckoned upon, that it was a 
comparatively easy matter to obtain the pieces of 
cohering soil in a condition of dryness so complete 
that the whole mass throughout was hard and firm. 
More than that, this climate enabled tho pieces to 
rebiin their hardness when built up into wall or 
mound. In western lands, oven if the all-too- 
brief intervals of sunny weather would have given 
boat enough to have dried the bricks sufficiently to 
have made them easily carried from one place to 
another, and handled in the work of building, such 
is the humidity of their ** weeping climates" that they 
would have been soon softened by tlie dump and by 
beating rains, so that the walls would have become 
masseH more or less shapeless and weak, and the 
pieces reduced to a soft and in some instances a 
hiilf-slimy condition. Hence the necessity arose to 
have the pieces of cohering soil hardened by a more 
perfect system of drying than that of sun -heat could 
give; and hence in time came the art of burning or 
vitrifying them under the intense heat created by 
the special oombustion of fuel, either in heaps or in 
some simple form of enclosing furnace. How and 
when this art of burning masses of soil arose, history 
gives us no note of. 
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Boman Brloki, or rather TUei—Xodem Brloke and 
Brickwork. 

Hit}ierto we have refrained from giving to the hand- 
made pieces of cohering soil the name by which they 
/are now known to us — namely, bricks. The Romans, 
who used this building material most extensively and 
ably, formed their pieces of such dimensions that 
the term tile ” is more applicable to them, or gives 
at least a better idea of their shape, than the term 
brick" as we know it. The dimensions of these 
tiles varied ; and in place of being in form a paral- 
lelogram, like our bricks — that is, of greater length 
than breadth — they were square. The squares ranged 
from seven inches and a-half up to twenty-two inches 
on the side. They averaged only one and a-half 
inch in thickness, or about one-half the usual thick- 
ness of the bri^B we use. To this, as well as 
to the care with which the tiles were made, the 
care taken in setting them, and to the good quality 
of the mortar employed, must he attributed the lasting 
character of the work done by the Romans, work 
which has come down to our day in as perfect a 
condition almost as when ilrst constructed. This 
thinness of the tiles or bricks, as we may now call 
them, used by the Romans, that for reasons which 
will afterwards be more clear, gives such a bond or 
-stability to the structures in which they were em- 
ployed, has been imitated, or ratlior has in all 
probability been handed down directly to them 
through the long course of ages, by the Flemish 
briok-Wlders of the Low Countries and in pirts 
of Northern Germany. This thinness of bricks as 
compared with ours is indeed a characteristic of the 
bricks used generally throughout the Continent, The 
Gormans have long been famous for the excellence 
of their brickwork. It may, indeed, be said that the 
finest work existing is to be met with in Germany, 
and it is to that country that our builders should go 
to study the capabilities of the matcrkl for the higher 
ranges of architectural work. In tliis country we 
almost always associate with the employment of brick 
structures which, however useful, have comparatively 
little claim to be architectuml works of a high class. 
The only exception to this is afforded by our domestic 
buildings or houses. And no doubt it is a wide one, 
embodying some fine examples of what, with good 
materials and honest work, brick as a building 
matoi*ial is capable of. 

Brickwork in this Country oklcfly oonflned to Domectib and 
tba Smaller Olafaai of Stmotiirei; rarely applied to the 
Conitmetion of Large Fnhlio Building!, as on the Con- 
tinent. 

But brick with us is rarely— we may say never, as 
a rule— thought of as a material for buildings of a 
large or public character, and which have claims more 
or less complete to be considered architectural works. 


It is to the Continent, as we have said, that we must 
go to see what brick is c.‘ipablo of doiijg, witli artistic 
treatment and careful building, in ombod^ring the con- 
ceptions in ornamental as well as in plain building. 
The traveller who has visited several of the Con- 
tinental countries must have had but small power of 
observation if ho has not noticed, and with admira- 
tion, not a few examples of large and tine buildings, 
espt^cialiy churches. But it is perhaps in Northern 
Germany, above alluded to, that the finest bHck 
buildings are to be mot with. Wo miglit, for example, 
specify the cathedral at Lubeck as a work showing 
what can be done with brick in the hands of an able 
architect aided by first-class builders. With us orna- 
mental brickwork is but a thing of yesterday, and 
its employment oven now is decidedly tho exception 
to the general rule, which embraces plain brick-setting 
only. And even where ornamental brickwork is 
attempted, its effects are sought to be obtained by 
colour chiefly, or by surface work, with the use of 
variously tinted or toned bricks. We have done little 
or nothing in the way of giving tho varieties of form 
or outline in brick-setting, But on the Continent 
there are not a few fine examples — as, to wit, the 
Lubeck cathedral, above alhidod to— of what can be 
done in giving almost every variety of form in 
architectural decoration by the use of brick alone. 
Before leaving tho retrospective or histoi’ioal part of 
the subject, it will be interesting to note ibat, although 
wo almost alweys associate with our contjoption of 
Grecian architocture, the finest which tho world has 
over produced, stone as the inateriiil in which its 
beautiful characf)ori«ti(5« have boon handed down to 
u«, brick was largely used by tho Greeks, and used in 
a superior way, as indeed they us(m 1 ew'iy material 
they employed in the fine and the constructive arts. 

Kind! or GlasiOi and Qaalltios cf Bricks used in this 
Country. 

Before wo proceed to explain the peculiarities of 
practical brick Uif/iny or sttiiny^ in the construction 
of the various works of tho builder, wo shall consider, 
as briefly as may be, the kinds or (flasstjs of bricks 
used in this country, and note some of their charac- 
teristics an<l qualities as a building material, It <loe.s 
not come within the scheme or tho seopo of t})0 
present paper to doM(n*il>o how bricks are inndo. The 
details of this class of work may perhaps lind a ydaco 
in this work, should its limits be found (!apablo of 
embracing them, in a paper in whicli the work of 
"The Brickmaker " may be fully explained. Hujlico 
it here to wiy that the bricklayer will bo all the hatUfr 
if he knows something, at least, as to how his bricks 
are made; and he ought, at all events, to know a good 
deal as to the qualities of the soils out of which the 
brickmaker forms his bricks, for this knowledge will 
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be of use to him in deciding the value of the brickB 
made from the soila of certain localities in which 
brickmakera have set up their works. The rage for 
were cheapness in constructive materials of all kinds 
— which has extended a desire but too widely that 
has done more than aught else to deteriorate the 
quality and to lessen the fame of English work — has 
not passed by those engaged in brick-building. Honce 
it is that not only the poorest of materials have been 
and are still being largely employed throughout the 
country, but the making up and the burning of those 
poor materials have been done in the clicapest and 
therefore the most inefTective of ways, Thus it has 
come about that an enormous number of houses 
and oilier Htructnj*OH have been erected with bricks 
of such poor (puility that the signs of decay may bo 
said to liave sliown tbeinselvos wlicn the buildings 
bai^e been but a few years erected. In some instances, 
indeed, montlis iiuvo barely elapsed before this dis- 
graceful oondilion of things has been evidenced ; and, 
indeed, it would be quite correct in some itistancos to 
say til at decay lias set in before the bricks were used, 
so utterly wortliloss as a sound and lasting building 
mateiial Jiavo they boon. There is, beyond a doubt, 
a vast amount of brickwork done throughout the 
kingdom in wbitdi bricks are used which sliould never 
have boon ])(fvmitte(l to come on the ground— the very 
look of which, to say nothing of any other and usual 
tost, should have boon enough to condemn them as 
w'orthless for building, It is only right, however, to 
state that brick makers and bricldayers are not wholly 
responsiblo for this state of matters. Indeed, if the 
blamo is to be jdaced in the right quarter, it will be 
found to rest chiefly with the propriotoi’s of houses 
and with the class of contnustors — often, however, 
prnctk^nl bricklayers— so well known in modern times 
as those who “run up ” houses made to sell, not to last, 
Tlmre nro many who really build for themselves 
alone, but who will have their work done at the 
lowo^t possibh^ jirioo ; so that, if the bricklayer is to 
do the w’ork at all, ho is compelled to buy cheap mate- 
rials ; and the brickmaker, to meet his price, is equally 
comjH'llod, so to say, to make bri(iks clieap and utterly 
worthless, when judged fi\>m ilie right standard of 
building. Wo do not here enter into a discus- 
sion of the points involved in the morality of the 
question — not that it is or cun be apart from the 
practical points of it, for man not possessing merely 
physical properties, but possessing other and higher 
attiibutes, liis morale cannot bo got rid of as a 
working element, oven if he would get rid of it— but 
bimply because our s|)acG does not admit of our pur- 
Btiing the subject, piactical as is when viewed from 
its proper standpoint. 


Tki Ui« of Ohiftp Brioks to bo Avoided where Good ImA 
Eoneit Btiokwerk li Beilrel 

But this much we may say, that experience has abun^ 
dantly proved that in this matter of business, honesty 
is the l^st policy, or, as we prefer to put it, the best 
principle ; for it will be found that bricklayers and 
brickmakers who will not pander to ibe rage for cheap- 
ness as such merely, and who will not do other thaa 
the best work and make the best materials possible 
for thorn, stand not only the highest in businosa 
reputation and in moral oharacier, but And in their 
experience that this principle or policy pays them,, 
and at an infinitely higher scale, than bad work does*. 
And it is matter of pride that this high-minded and 
high -acting class is a wide one. If it wore not 
our material decadence would long ago have been con- 
summated. Some of our youthful readers may deem 
such considerations as these to have no practical bear- 
ing on tho subject of our papers ; but as they learn, 
the lessons of life they will, we venture to say, find 
that they have the closest practical boanng on work 
as it ought to be done. Work done from high-minded 
motives will be sure to be good work — must be ; work 
done otherwise may be. And the wise man wanting- 
good work done knows which is best — to trust to chance' 
or “ may be,” or secure a certainty which must be, 

The Soili or Birtki Void in and Beit Adapted for the Kaklng 
of Soimd Brloki. 

We have said that the bricklayer or setter will bo 
all the hotter if he knows something of the work of the- 
brickmaker — at least, that this may or should extend 
to his knowledge of tho material he uses. A soil of 
the highest quality is obviously necessary to give tho 
best brioks, and tlio finest soil is that coinposod of a 
pure clay mixed with sand. It must l )0 free from 
pcjbbles or hard nodules of t'tonc. Soil largely mixed 
with vegetable matter, or from wliich clay is largely 
absent, cannot yield bricks of the highest quality. 
Lime in excess is not a dosimblo constituent in brick 
soil ; neither are metallic substances, known as p3aites : 
these, when present in too largo a pmportion, act- 
during the burning process prejudicially, forming a 
species of flux by which wivities or aii’-holes in the 
interior of the brick, and cracks or fissures externally^ 
are formed. When fluxing materials aie present in 
moderate quantities they tend to aiil tho proper de- 
gree of vitrifaction required. And on all good brick& 
this process is more or less partially produced — ^that 
is, a species of glassiness is given to the brick, at 
least on its surface, which aids greatly its damp or 
wet I’esisting powers, This characteristic is obtained 
in perfection when the clay and sand are present in 
the soil in the right proportions. Boils are sometimes 
met with in beds of greater or less extent in which 
those proportions are naturally present; and these 
constitute “ brick fields ** of the highest clnss. 
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THE BOAD HAKSB. 

HlB WOBX IN THB LATINO-OUT OF ROAOB IN KtJBAL, 
Suburban and Town Disteicta, theib Construc- 
tion, Repair, and in the Choice and Use of the 
Various Matkbials emploted, 

OHAPTEB I. 

lAtroduetory. 

Although the principal portion of the inland pas- 
senger and goods traffic between all towns of any 
magnitude, and all localities of manufacturing, mining 
and trading importance, is now by railways, yet the 
main roads, and the township and other highways, 
will continue to be of great interest and importance to 
the rural community of the kingdom. The ordinary 
road communications thrr)Ughout the country, which, 
little more than a quarter of a century ago, ere the 
present system of milways was established, wei’e 
those alone in use, still continue indispensable to the 
requirements of the occupiers of land, the state of such 
communications having great influence on the value 
of landed pioperty. And »is the cost of mainifiining 
the public liighway still continues, as heretofoi*e, to 
be chargeable upon ilie hind ; the owners and occupiers 
of landed estates have therefore every interest in tlie 
highways l>eing kept in tlte best condition, and re- 
paired at the least expense. Tt may be taken as an 
ajciom — too frequently, however, overlooked — tliat the 
more complete and perfect tlie manner in which a 
road has been constructed, the more easily, and at less 
expense, will it be kept in repair. However strange it 
may appear, it is none the less true, that whilst no 
difference of opinion exists as to what constitutes a 
good rood, it is yet not a matter of univei'sal agreement 
as to what are the best means of attaining that end. 
This anomaly arises from frequent ignorance of the 
correct principles on which the goodness of roads 
depends ; and it is wdth a view to point out, for the 
benefit of those it may concern, such principles of 
construction as will secure so desirable a result as 
the attainment of good and easily maintained roads, 
that the following brief treatise has been under- 
taken. 

First EsisntUl in the Oonstmetlon of a Good Road. 

Dryness of soil on which a road is constructed is the 
first essential to its goodness. A road, to be a good one 
and easily kept in repair, must have the soil on which 
it is made of such a nature as to bear the weight of 
any traffic brought upon it without any shrinking or 
displacement of its particles. The soil should, in fact, 
constitute the road, and the covering should only be 
considered as a hard and tough matter interposed 
between the weight of the traffic and the i*oad to sup- 
port it, to protect the latter from abrasion of its surface 
by the motion of the former. And this to serve the 
tame purpose that a thin sheathing of hard metal is 


frequently used for — as a covering for wood, or any soft 
material of sufficient strength for its purpose, to protect 
such wood or other material from injury by the friction 
of a heavy body in motion upon it. A road, to be 
considered good, should not, in any degree, be depen- 
dent upon the covering of stone for supporting the 
weight of the traffic upon it ; otherwise no thickness 
or goodness of the material of the covering will prevent 
the soil of the xt)ad working through it, and tliereby 
speedily lapsing into a ruinous condition. 

Diiadvantagei of Wet Olay Boils for Boadi. 

The soils most liable to work through the stone 
covering of roads are wet clays, pirtioulai'ly blue gault 
or drift clay, wet or loose sands, wet iwsai soils, and bogs 
or morassoH. In f>ict, any soil containing stagnant water 
is incapable of bearing the weight of traffic upon it ; 
and any road made upon such soils will rafudly be out 
of repair, however tliick and good its stone covering 
may be. The first thing, then, to be done in i-oad 
making is to have the site of the road thoroughly 
drained, if the soil oonUiins stagnant water. 

Although dxynOHs of the soil in which a road is made 
is the flrat essential of its goodness, yet there at'O many 
other properties e<{ually importiint and nocoMsary to be 
attended to in its construction. The pi-operties alluded 
to will be sepamtely discussed in the following para- 
graphs of the present series of pai)ers. 

The Form of Boad ia the Bireotioa of Iti Route or Leadiag 
Oradienti or Xnolinei. 

For safety in descending, and exjononiy in conveying 
traffic in ascending hills, as well as in maintaining 
roads in repair, steej) gradients or inclines in tJie i-oiit© 
of roods should bo as much as possible avoided. The 
greatest portion of tmvelling, and also of heavy traffic 
in the conveyance of goods, having been transferred 
from common roads to railroaxls, there may not be at 
the present day the s<uno reasons for having I'oads with- 
out steep gradients — either for tlio safety of ptrsons, 
or for the saving of tinimal labour in the conveyance of 
goods —as there wore in former times. Notwithstanding 
this, as common roads are still used to a considerable 
extent for travelling in vehicles drawn hy lioiws and 
moving at a considerable velocity, and also £<>»• the con- 
veyance of bulky and heavy loads, tlio limit of sjifoty 
in the gradient should be by no means disr^egarrled, 
either in designing oi* laying-out a new road, or in 
altering the direction of an old one. I'lio limit reftjrred 
to is such, that the gradient, in attaining a height to 
bo passed over, shall be safe for carriages travelling at 
an ordinary speed. The ascent must be so limited that 
the friction of the cairiage shall overcome an otjcole- 
rated velocity in descending an incline. This limit may 
be ascertained by the force required to jircHliKJO and 
maintain motion in a carriage on a level )*oad. In this 
the weight of the carriage will be proportional to the 



THE ROAD MAKER. 


base^ and tlie fox-cc requirad to produce and maintain 
motion of the carriage to tlio heiglit, of the inclined 
plane clown wliicjh the carnage may descend without 
accelerated velocity. 

The Angle of Znolinationf or of Friction in Eoadi. 

The /ingle of inclination which will produce an 
equilibrium between the friction of a carriage and 
the force of gravitation to produce accelerated velocity^ 
is called the anyU of friotion^ and it varies in roads 
of different c-onKti-uction and materials, The rate of 
inclination of the amjU of friction is the pi-oijortion of 
1 to the quotient arising from dividing the weight of 
a carriage hy the force required to produce and main' 
taiii its motion on a level roftd, 

Voroo or Power required to move a Carriage on a Level 

Bead, and on Boadi of Difliirent Oradienti or Degreei 

of Inolination. 

Tho l'or<H> re(piire<] to produce /uid maintain motion 
of a ciii'riage weighing one ton has been ascertained 
by tlio ex])eriments of Mr. MacNeil on roads of 
(lin'erent ronstriictions and mntorinls, The “force,” 
or tlie “ fi'ietion,” on different ro/ul surfaces which are 
level, are hen? given : — 

(1) Well made pavement, 3i) lb. ; (2) Bx'oken stone 
surfiico or old flint road, 03 lb, ; (3) Gravel road, 
147 lb, ; (4) Broken stone road, on a rough pavement, 
46 lb.; (5) Jii'uken sfone surface, on a conen^ie 
bottom formed of Parker’s cement and gr/ivel, 46 lb. 

Tho following gives this ; the numbers con*esponding 
to those in last paragniph sliowing the inclination 
of tho l oads. 

(1) 1 in 80 ; (2) 1 in 33 j (3) 1 in 16 ; (4) 1 in 30 ; 
(3) 1 in 30. 

The results in tho last jiaragraph arc the maximum 
lutes of inclination to insure safety in travelling — with 
the materials used as named in tlie first paragraph — in 
descending itmlined planes in tlie direction of public 
roads ; but aiuilher, and scarcely less important con- 
Bidemtion in laying-out a public road, is oenmomy of 
the labour of tlie draught cattle, 

Economy in tho Drawing Power of Anlmali on Boado— 
Xnflnonoi of Oradienti In Draught. 

The absorption of power in ascending inclined 
planes, is shown by a tablo given in tho article 
“ lload,” in Moi-ton’s “ Cyclo2>R3dia of Agriculture,” in 
which a comparison is given of increased distance as 
lui equivalent of that on a level road, as due to the 
vei^ical height of various slopes of different rates of 
iiioliiie, Fi*oiu this we have prepared the following ; — 

If we take as the draught or moving force, on a 
road having an incline or gradient of one foot vertical — 
or rise— in every five hundred feet an equivalent of 
that on u level road of 1-102 — a level road being 
unity — we find that if the gradient be increased to 


so groat a rise hi one foot vertical in every ten feet 
horiz^ontal, the draught will be as much os 6*067* The* 
intermediate gradients, or rises, with their equivalents,, 
are given as follows: — 1 in 400=1*128, 1 in 300= 
M70, 1 in 200=1-253, 1 in 100=1*310, 1 in 90= 
1-566, 1 in 80=1-637, 1 in 70=1*728, 1 in 60=1*860, 

I in 30=2*019, 1 in 40=2*274, 1 in 30=2*699, 1 in. 
20=3-638, 1 in 10=6-067, 

Jnfiusuoe of Clradienti or Steep luollnei on the DurahiUty 
of Boadi. 

So much for the effects of inclined planes in the^ 
course or direction of roads, both as to the safety of 
travelling in wheel -carriages in descending, and as to- 
the economy in the lalionr of draught cattle in the 
conveyaiu^e of loads up tho ascents of inclined pianos. 
The last matter for consideration on this topic is the- 
effect of inclined planes in the direction of roads, on 
their maintenance in repair, and on their durability. 
Whoe\'or may have made any observation on the state- 
of a road upon an inclined plane, cOTxi|)Rred with that 
on a level, will not have failed to discover that in pro- 
portion to the steepness of the incline, the materials- 
of the covering of roads are more liable to liecome- 
loose and be displaced, from whatever cause such 
loosening and displacement may arise. When the- 
iiicline is so stoop as to require that the fridion of 

II carriage descending upon it be increased by the use* 
of drugs, skids, or lirakos, to compensate the force* 
of gravitation in producing accelerated velocity, the* 
dragging or sliding action of tho wheels occasions great 
amount of wearing in the covering of the road, and a 
much greater amount and cost of repair of tho road, 
than when tho incline is not so gi-eat as to require* 
recourse being had to such expedients. 

Deviations in the Direotlon, Junction and Oroiiing of Boadi— 
Mode of describing the Curve for Bead Junctions, etc. 

In a deviation from a straightforward direction of 
a road, the bend or change of direction should be as* 
great or obtuse an angle as circumstances will admit 
of ; and where it is possible, the bend should be by an* 
easy curve instead of an angle, and the lines of the 
deviation should lie tangents to the curve. The best 
curve for tbe pui'pose referred to, and also for the 
junctions and crossings of roads, is a parabola. The 
following gives the mode of joining two converging 
lines, given in position, as two deviating directions of 
a road, by a parabolic curve. Let a o and bd (fig. 1) 
be two converging lines, given in position. Produce 
a 0 and 6 d until they meet in A. Join o and d, 
and bisect tho line e d in g. Join A and g, and 
bisect g h in p, w-hich, by the properties of tbe 
paitilwla, is a point in tho curve. Join o and p, 
and p and d, and bisect the lines c p and p rf, seve- 
rally, in % and A; bisect o h and h c?, severally,. 
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in e and ft and join « and and / and and bisect the lines of approach should be tangents, as directed 

the lines e i and f k, severally, in p and p ; then in the last paragiaph. 
p and p will be points in the curve of a parabola, 

The third point is at the p between h and g. Join c Tbe Brsadtli given to Bonds, 

and p^p and central p, p and p, and p and d\ and Having fixed upon the direction, the next matter 
bisect the lines cp, p p^pp^ and;? ft, severally, in wt, for consideration in laying out a new line of road is 
7 , and u ; also bisect o e p, p and / d, seve‘ its breadtlu This will depend upon the amount of 
rally, in n, r, and v ; join n and m, r and 7 , tmffic for which the road, at the present or a future 
t and Sf and v and u ; and bisect the lines n m, time, may be reipiired. 

r 7 , t and v Ut sevemlly, in pj p, p, and p. A No public highway for wheel-carriages should, under 
curve drawn from 0 through p, p, p, p and p, any circumstances whatever, be loss than fifteen 
to df will be a parabola, to which the converging feet wide, clear way; twenty-four or thirty feet 
lines a c and b d will be tangents at the points will bo more frequently requit'ed; and for some 
e and d. distance from the entram;o of iK>pulous to>vns— par- 

The mode of sotting out the ciu*ve in question on ticularly of those having numerous and iK)pulous 
the ground is so obvious from what has already boon suburban villages in their neighbourhood— a bi'cadth 
shown as not to require any further remarks for its for a main or high road of fifty, sixty, or even 





elucidation ; and the operation will only require the seventy feet, may bo necessary. In addition to the 

use of tt chain or tape line to measure distances, a few breadths just mentioned for carriage-ways, roads 

'straightening poles, and some pickets to mark the loading direct to towns should be provided with a foot- 

positions of all the points marked p, as the same are path, six, nine, or twelve f(iot wide, according to the 

found in the operation described. population of the town to which the road laiitls ; atid 

a path for saddle-horses, nine or twelve feet wide, luiiy 
Boadi oroiiiag Bivers or Bavinoi. also be an advantageous ap£>endago to main roads near 

Whenever a road is carried over a river or ravine towns. The following rule will licre bo found usefuL 
by a bridge, it should, if possible, be at a right angle To find the area of ground that will he required^ 
to the direction of the stream or glen, as a bridge pet chain or per mile, for a road of any given hreadih 

with a direct sjmn is not only less difficult and costly in feet. Multiply the given breadth of the road 

in its construction, but stronger, than an oblique or in feet by 06 or 6280, os the result may ha require<l 

skew bridge ; and the bridge, if its direction be not j)or chain or per mile respectively, and the product 

in that of the road, should be approached at both will be the urea in wjuare feet, which divided by 9, 

ends at as obtuse an angle as |K>ssible, and the the quotient will be the area in w^uare yards, and 

bend formed by the direction of the bridge with that which last result being divided by 4840, tbo quotient 

of the road should be by a parabolic cuiwe, to which w’ill be the area in statute acres, 
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THE CARPENTER AND HIS TECHNICAL WORK. 


THE OABPEHTBB AHH HIS TEOHHIOAL WOBK. 

Its OBioiiT AND Early Wobk— Pbincipleb and 

THE DETAJLR op ITS PaAOTTCE, 

CHAPTER II. 

The Origin of Join ti— The Snlf-Inp Joint. 

In the preceding cliapter we concluded our remai'ks 
under this head by pointing out how, in joining two 
pieces of rough or roun<l ” timber, ae it is technically 
called, they would lie more ** sweetly ” together if the 
two ends were flattened, as at d in fig. 12 (ante^ p. 14). 
Now, wo can easily coni^eive one of the early airpenters 
-or builders in wood, engaged in preparing the end of a 
piece of timber to be joined to another in this way, 
being led to try the effect of cutting the end surface 
>jiw.iy till a considerable depth in e^ich piece was 
•obtained. In placing them together he would find 
.tis a consequence that the jwojeotions, as at the points 
•€ and /in fig. 12, would Ik) lessoned or lowered just in 
proportion Jis the cut at d was m<ule the deeper. A 
little thinking out of this consequence would lead 
Jkim to conclude tlnit a point of depth would be reached 
>omc time, in continuing to deepen the cut, as at d, 
whicli when reiudied and the two pieces put together, 
4ho upper i>art of the piece a a would ** range with,” so 
to expi-OKs it, or bo in a line with, the upper face or 
line of the piece 6 ft, or, to use the technical term, 
** be flush,” The same would hold true of the under 
sides. Tho yjosition of the two pieces would ho as 
4ihown ut a ft in fig. 13^ tho joizxt bet^^'OGn them assuming 



Fig. 18 . 

the form us nt o. The end of one of the eeparate 
pieces would be as at d c; and tho depth of the 
part o/f or d g, would be found to be exactly equal 
to half tho depth, or the two together to the whole 
•depth or dituneter of the tree or branch, as at ft. 

1101*6 we have a true ** joint ” ; and following upon 
that shown in fig, 12, which was in all pi-obability the 
•outcome of tlie first necessity — namely, to lengthen 
out short timbei'S — we may safely conjecture that it 
was tho first true joint used. It is still used, and 
hwgely, in carpentry, and in joinery often, and is 
known os the ‘‘half-lap joint,” as ut c in fig. 13, the 
simple lap (over), or full “ lap,” being that in fig. 12 
^it e/; at fig, 9, in last chapter (page 13), we have 
^iven a drawing of a halMap joint in section, and 
in figs. 10 and 11 later and more advanced forms of 
'what ore ctilled “ scarf " joints, which grow out of it. 


Contiiinatlon of the above SnbjMt, with. Fraetieal Izamplet, 
In fig. 3, in the lost chapter (page 12), we illus- 
trated, as one of the typic^ joints, a square joint 
— a method of joining a horizontal piece of timbw to 
a vertical one. This forms one of our most elaborate 
joints, but we can easily conceive how it was preceded 
by other forms of a much simpler character, of which 
probably its first form was discovered in connection 
with a part of construction which in its direction 
would be as elementary as that of tying or binding 
two pieces together, as in fig. 12, at a a, ft ft. This 
would be the connecting with a horizontal piece two 
vertical posts or timbers stuck or forced into the 
ground to form, say, the side of an enclosing space, 
as a hut. At first, the enclosing wall, so to term 
it, of a hut or hovel would be formed by a series of 
branches, nearly of equal size, placed close to each 
other both for strength and for shelter from wind and 
rain. In piocess of time it would be seen that the 
purposes of shelter would be obtained as readily, 
wliere shelter was more essential than mere strength, 
and without the use of so tnany thick or strong 
branches, by having the stronger ones placed at intervals 
in the ground, as at a a, ft ft, fig. 14, The tendency of 



the posts to sepamto from or to fall towards each 
other, if left unsupported — a tendency the sti-onger tho 
higher the posts, so to call them, or the thinner they 
were — would be counteracted by introducing a third 
piece of timber — technically now called a " member.” 
This would naturally be placed horizontally, as at o o, 
and at first would be secured to the posts at the two 
points in the simplest way — by tying them togethei 
with some vegetable fibre or the branch, as of 
that of a willow, as in fig. 12, at c. A number of 
these horizontal pieces placed at intez*va]s in the 
highest of the posts, as at d e/, would obnoufdj 
give facilities as holding-places for interlacing the 
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imaller bi-anche«», g g, running vertically. Those 
with their interstices filled up with leaves, or, better 
still, moss, which would be found to be valuable for 
many purposes, would form a screen or wall, so to 
call it, which, for preventing access to wind or rain, 
would form no contemptible enclosing surface* 

But this arrangement, while it would be proved 
to give strength with fewer strong vertical timbers or 
posts, would be seen to be an ugly or awkward joint, 
possessing all the defects of that at ef in fig. 12. 
The desire for even surfaces — that is, the absence of 
all projecting parts — would soon be created, and some 
method of obtaining this in the present instance would 
follow. Possibly the first attempt to have the hori- 
zontal piece at its ends either within the line of the 
vertical pieces in a a, b 6, fig. 14, or in line with them, 
and what is technically now called “ flush,” would be a 
simple system of notching,” Thus, as at a, in fig. 15, 
the end of the horizontal piece being shaped as at h, 
to go into the notch. In time this notch would be 
enlarged and made recUngukr, to give better bearing 
surfaces, as at c, the end of the horizontal piece tl being 
formed to fit as tightly into it as possible. But while 
this forming of joints would keep the vertical posts, 
as a a, 6 &, in fig. 1 4, from approaching each other or 
bending inwards, they would not prevent them from 
leaving each other or bendifig outwards. And if they 
did so sufficiently far, the ends of the horizontal piece, 
as 6, fig. 15, would drop out of the notches, os at a, at\d 



Fiff. Ifi* 

the connection would cease The joint at e would be 
better, as it would give tho opportunity of joining the 
end d of the horizontal piece tightly into the cut or 
slot or groove o. 

TrenoUf , Keys, and Wedges, m used in Carpentry Jointe. 

Simple a contrivance as a nail ” seems to us, it is 
in reality a great invention, and it would be 6ome 
time before it was added to the thousand-and-one 
contrivances which the ingenuity of man has dis- 
covered and applied to aid him in his daily work and 
meet his daily wants. There is little doubt, we think, 
but that the wooden spike long preceded the iron 
nail, just as w^e know the era of timber construction 
came before that of stone, and gave birth to some of 
its contrivances and special features. And we can 
easily conceive of the idea of the spike or wooden nail 

VOL. I. 



having oi-iginated in some such simple way as passing 
through a heap or mass of material, such as leaves or 
brushwood, which it was desirable to keep in one 
position while lying on the ground, u long and slight 
and sufficiently strong stick. This passing through 
the mass and entei-ing the ground or soil would ob- 
viously secure the imiss, binding it moi'e or less firmly 
to the soil. Or the idea of tho spike may have origi- 
nated in the desire to bind or keep together tho mass 
of branches, twdgs and leaves, etc,, which formed the 
walls or enclosing surfaces of tlie eai’ly huts or hovels 
of our ancestors. By passing sticks through the 
thickness of these containing walls at intervals, it 
would be found that the inner surfaces and outer 
would be bound together more or loss compactly. 
And it would almost immediately follow upon this or 
a similar use of small or sliort pieces of timber that 
they could be more readily and oerttunly used if one 
end was pointed or reduced in thickness. Once the 
idea of penetration, took possession of tho mind of the 
constructor, many useful applications of its principle 
would follow, and his earliest work in connection with 
his tilling of the ground to receive his tiny crops — 
the first of necessity of all tho arts — would give 
him this idea of penetration. Tlio wooden spike or 
trenail,” as in modern tecbniiMil language it is (billed 
(which obviously was once written treenail,*^ as it is 
literally a nail made out of a tree), would soon form a 
very common feature in timber work of all kinds. 
We have said that tho joint, as at o d in fig, 15, 
would depend for its continuance in force upon the 
tightness with which the end d of the horizontal piece 
was jammed up into the cut or groove c. But as timber 
shrinks and swells — contracts and expands, to use the 
technical terms — according to tho dampnoss or dryness 
of the atmosphere; in dry weather the joint thus 
secured by jamming up would loosen, and the connec- 
tion botwtjen tho pieces would cease or bo weakened. 
But the spike or trenail would obviously come in here 
to servo a useful purpose. It might be used in the 
way as shown at vorlioal soction of a post « e, fig. 15, 
the spike being driven in from tlm i)ack, as at /, 
penetrating tho end of tlie lioi'izontal piece g. Or it 
might be driven in from the sides, as at in sectional 
plan of the i)ost, at ^ j or two pins or troriails might 
be used, as at t and^*, oTie driven from each side* Tho 
wooden “ key,” as it is technically termed, is another 
contrivance for keeping two pieces ** jointed” well 
secured together, and frequently used to pi'cvent the 
one piece slipping or l^eitig moved away from the 
surface of the other piece. Its use in this last way 
is illustrated in fig. 4 (antef Chap. I., p, 12), given in the 
paragraph entitled ** Eepresentative or Typical Forms 
of Joints,” where its position in each section, as at b, 
is shown. The ** key ” is in this and in similar work a 
sxnall block generally square in section, and of length 
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equal fco the **8cat groove into which it ia pansed; 
the lengtli of the form & in 6g. 4 (ante) being equal to 
that of groove d in lower dingram, Grooves or scats 
are out in the lower edge of the upper piooe a, a, and 
in the face of the lower piece os at o?, and the key/* 
as 6, being forced into the groove the upper piece, 
as a a, is placed in position when the key h enters or 
is forced into the groove on its lower edge. A wedge 
is another form of key^ and is so called from its taper* 
ing form. One form and mode of using it is shown 
in ilg. G (ante) at d d and i L Many examples of the 
use of trenails, keys and wedges will be found in 
succeeding chapters, and nho of ** iron screw bolts ** 
and iron ** straps,** wliicli are much used in modern 
work to secure timbers together. 

Interpenetration a DiitingaUhlng Oliaraoterlstio of Joints 
in Oarpantry. 

Allusion has been made in tlio preceding jmragraph 
to the principle of penetration as one of great import- 
ance in the art of c?nrpontry. The pupil will peix^oivo, 
as he proceeds to consider the matter to bo given 
hereafter in this series of papers, liow this principle, 
ei tiler in its ])a.rtia] or full development, is oonoerned 
in nearly all the operations of carpentry. It is 
the vital principle on wliich all joints or junctions of 
timber where one piecre is connected with or supported 
by another piece cliielly depend. Some of the develop- 
ments of this important principle constitute a series 
of problems the most interims ting, as some of them are 
the most intriojite, of wliat may be called the “geo- 
metry of cJiriwntry.*’ (See the series of papers in this 
work entiiletl “ The Building and Machine Draughts- 
man.”) The first, as it is the moat simple of tlio 
practical methods of carrying out this j)riiiciple of 
I>enctration, would in all likelihood be the forming 
a hole or aperture, as a, in fig. 16, passing through 
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from side to side, in one piece of timber, say a 
vertical post, as b h, Tlie horizontal piece to be sup- 
ported, as c 6, may be passed through, as in section 
of post d df and it may be secured from slipping by 
ibe spike /, called popularly a “ pin,” or in technical 


phrase a “ ti’enail,** or a “ key ** might be used, passing 
through the post 6 6, and penetrating the horizontal 
piece as shown. In place of using one long horizontal 
piece, resting it in the aperture in the post, in or about 
the middle of its length, two short pieces wiU give 
the same result, one being passed — “ entered** is the 
toohnioal phrase or term — from one side, as at p; 
the other from the opposite side of the hole, as at h. 
They might stop sliort of meeting in the interior of 
the aperture, leaving a space, as at between them ? 
or they might have been brought in contact with 
each other, as at j. When so placed in contact with 
each other the one piece is sai<l, in technical terms, 
to “butt** against the other, and the ends of each 
piece constitute what is called tlie “ butting face ” or 
surface. 

We have in preceding paragi’aphs given illustra* 
tions and descriptions of what we have designated as 
“representative forms” of joints, and of the probable 
way in which joints originated, or were invented. 
Bofoi^e proceeding to toko up the systematic con- 
sideration and illustration of the difTorent classes 
under which the representative forms named are 
ranged, we deem it best to introduce hero, as eon- 
ncoted closely with what is to be given under this 
section of our papers, some i*cmarks, and to give a 
few diagiixms illustnitive of “framing” or “frame- 
work/* and of some points connected with its original 
introduction. And as preliminary to those, wo pre- 
face thexn by some remarks on 

The Motkodi of Dealing with limber. Trees, or Farti of 
Trees, in the Early* Oonitrnotioni of the Carpenter. 

Timber would for long be used in the “ round '* 
(see paper entitled “ The Timber Dealer ”), to employ 
a modern technical phraso still used to denote thia 
the oldest employed of forms of the material. It 
wouhl take some time before tools were so perfected 
that the round timber could be formed into timber 
with S(j[uared sides or with flat surfaces. The tool for 
doing this would, in all pi'obability, be the axe ; this 
followed by the adze, which is simply the axe with its 
edge so turned in relation to the handle that it can 
bo used for slicing off plates, so to call thorn, fn)m the- 
Burfacos of timber in a way much more conveniently 
applied and more rapid in its work than the axe. 
The chisel would soon be invented, and its use for 
smaller work w'ould soon bo appreciated. The saw 
would ejirly and for long be the great tool of the 
carpenter ; for with it he could do almost every kind 
of work j'oquired, even for the more complicated and 
complete structures which would follow on the simple 
booths or huts of branches, twigs, and loaves, (For 
terms see “The Oyclopiedio Dictionary of Technioak 
Terms.**) 
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THE CAXIOO PEIKTEB. 

Tn Ohbmibtby Ain) Technical Ofeeationb of his 
Thatie. 

CHAPTEB II. 

tldrd Fro«eii t Preparing the OaUoo with ** Soluble Oil/’ 

Tn a great miiny colours, especially those of artificial 
aluarine, it has been found that when the cloth, 
lifter the usual bleacliing process, is treated with 
a preparation of oil known as “soluble oil/* “oil 
prepare/* and other names, the colours ai'e developed 
in greater perfection and in shorter time. And 
although it is not necessary that the cloth for all 
colours should be so treated, it will be most convenient 
to treat of this subject in the pi'esont division. 

The fixed oils, such as castor oil and olive oil, are 
compounds of glycerine and a fatty acid. When they 
are treated with an alkali such as caustic soda, a 
ohemical reaction takes place, the oil or “ glyceride ** 
is decomposed, tlie fatty acid combines with the soda, 
the glycerine being thus left uncombiiiod. Tlie com* 


with this emulsion. The bleached calico passes into 
a box (a a a), which contains the oleine diluted with 
water, passes two rollers fixed at the bottom of 
the box; then passes 
between two rollers to 
remove superfluous 
liquid, as shown in the 
figure, 6 and o ; tlio 
latter being a small 
brass roller turned by 
power, and which can 
by the screw and lover d be pressed with any amount 
of pressure upon the lower or larger wooden roller 6, 
which of course thus turns in the opposite direction 
and draws the cloth botweon them. The calico then 
passes on to an “ expander,” «, or roller with ribbed 
surface, to stretch out the cloth tightly, an<l then is 
dried by the steam cylinders, os shown in the figures. 
The expander, which is very largely used in print- 
works operations, is simply a wooden bar with a plate 
of copper or brass fastened on its upper surface, which 




Fig. 5. 


pound of the fatty acid with the soda Is simply a soap, 
being soluble in water, and wliich lathers, or may be 
iK'aten into froth. When now we add to this mixture 
excess of an acid such as hydrochloric acid, it decom- 
poses the soap or emulsion, and unites with the soda, 
forming, in the cose of hydrochloric acid, chloride of 
sodium or common salt, sotting the fatty acid free. 
If now wo let the mixture stand, the fatty acid, 
being lighter than water, rises to the top and may be 
removed, leaving behind the glycerine, common salt, 
and excess of acid. If we add to this fatty acid the 
proper quantity of solution ' of soda, we obtain an 
emulsion, which is soluble in water, forming, when 
dissolved, a milky-white solution. It is this emulsion, 
known as “oil prepare** or oleine, that is applied to the 
doth for the purpose above mentioned. Many colours 
printed upon calico prepared with oleine and dried, 
have their development hastened and their beauty and 
brightness merest. 

Fig. 5 shows the process of preparing the cloth 


has for half its length ribs running diagonally in the 
direction from middle of bar to end, and for the other 
half ribs running in the opposite direction, as shown 
in fig. 6. 

Oleine is made from a variety of oils, but prefer- 
ably from the best olive or castor. Good castor oil 
oleine is mode in the following manner : 470 lb. castor 
oil, 67 lb. caustic soda in powder, and 98 gallons 
water are boiled together for about two hours. Of 
the emulsion so obtained 33 gallons are mixod with 
5 gallons hydrochloric acid at 25*^ Tw., and 12 lb, 
. common salt — the salt being added for the purpose of 
rendering the liquid heavier and so enabling the 
fatty acid, i.s. oleic acid, to float on the top more 
readily. Eun off the liquid at the bottom, and add 
to the oleic acid 3^ lb. caustic soda dissolved in 
10 gallons water ; mix well, cool, and add 3 quarts 
of ammonia, and the oleine is ready for use. For 
preparing the cloth dilute this oleine 16 times with 
water. 
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Fnptitef ibt Oolonn vMd i& Otlioo yrlatliig-‘^loiir* IHTing . 

All the printing compoBitionB used by the printing 
machine are prepared in the works. Be it a dye- 
gtuff or simply a mordant or discharge, etc., it 
re<|uires to be properly thickened, to enable it to 
be printed ; and most colours require a considerable 
amount of preliminary treatment before they are 
ready for the machine. 

The composition ready for printing is always termed 
** the colour,^' whether it really contains any colouring 
matter, or only some substance such as a mordant or 
a “ resist,” which is in some way connected with the 
formation of the printed effect. This preparation of 
the ‘‘colour” or composition used in printing is 
called “ colour-miring,” and the room sot apart for its 
execution is called the “ colour shop." 



The Colour Shop and Its Haohinery, 

Tlie colour sliop should be a large stjuare or oblong 
room, with the floor well grated for the escape of the 
water, and witli u jxirtiou of the roof raised and 
provided witli efficient ventilators. When ventilation 
is deficient the room soon becomes filled wdth the 
constantly escJiping steam, and the operatives being 
unable to see clearly, confusion and mistakes are the 
result. In the centre of the building, or along one 
side thereof, is the row of vessels for boiling, or range 
of colour pans, varying in size from 1 to about 100 
gallons capacity. The colour-pan is heated by steam, 
which circulates through a jacket surrounding the 
vessel. It is formed of two sheets of copper, each 
beaten into the required shape, the one a little 
smaller than the other, so as to fit into it and leave 
a space between of alout an inch. Tliese are strongly 
riveted togetlier, as shown in fig. 7, which is a 


section of a colour pan. a a a is the copper pao, with 
double sides forming a steam jacket, the steam enters 
ing at b and escaping at the tap o i the pan swings 
on pivots, b and c2 ; at the latter is a water-tap for 
circulating through the jacket cold water for cooling 
the pan. s,/, are the mechanical stirrers or agitators, 
which are worked by three toothed wheels at g, the 
oenti*e one being attached to the vertical shaft A, 
which conveys the power ; the other two w'heels are 
attached one to each agitator, and so arranged as not 
to clash against each other. When the agitators are 
not required they are detached at k. When the pan 
is to be emptied of its contents tlie catch is unfastened 
and the pan is swung over. There are several forms 
of colour pans, but in principle they are the same 
as that we are describing ; thus in England many 
colour shops have the colour pans stationary, with 
a hole at the bottom plugged up with a wooden bung 
wdien the pan is filled, and removed for cleaning out. 
It will readily be seen that the mechanical stirrers 
rcc^uire occasional assistance of hand -stirring, as the 
colour adheres to the sides and l)ottom of the pan, 
beyond the reach of the agitators. 

Borne new agitators replace the laborious process 
of stirring by hand very successfully, being made to 
scinpe away the colour h-om the sides and bottom of 
the pan. 

In boiling the colour, tho steam should be tumeil 
on gi-odually until the pressure is from 7 to 10 lb. 
When the colour is boiled sufficiently the steam is 
stopped, and the water turned on in its place, until the 
colour is cool enough for the addition of other ingre- 
dients, or for “ straining,” The operation of straining 
the colour is a very important one in colour-shop 
labour. If all lumps and gritty matters be not 
removed, the finely-engraved copper rollers may Iw 
scratched. The colour is strained by forcing it 
through a strong open cotton fabric called straining 
cloth ; unless the colour is thin enough to run 
through the meshes of the fabric without forcing, 
the colour is poured into tho cloth stretched over a 
tub, and the comers gatliered up together, held 
firmly in the left hand, while tho colour is, by means 
of wringing and pi-essing, forced through the cloth, 
leaving lumps and other impurities behind, Many 
attempts, successful and unsuccessful, have been made 
to oonstmet straining n^achines, tho principle of most 
of whicli is the creation of a vacuum beneath the 
straining-cloth or sieve, but they have been found to 
be advantageous only for such colours as are made in 
very large quantities. 

Priaoiplei of Colou-Klxisg, 

Between the manual labourer of a large colour shop 
who actually “ muces ” the colours, and the directing 
'‘colour-mixer” who undei*stands their composition 
and properties, there is os wide a difference as Mween 
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the mebhanio who merety makes a wheel or shaft of a 
mabhine of secret invention and the inventor himself. 
In each case the labourer oarrieB out the orders of hU 
master or foreman, whether he understands the reason 
or not. 

f rsetiesl Work in the Colour 8hop. 

The subjects of the chemistry and uses of the 
various dyes, thickenings, and other “drugs” em- 
ployed in calico printing, being treated in another 
portion of our work, we now proceed to sketch, as 
fully as the space at our disposal will admit, the 
piactical work of tho colour shop in preparing those 
substances for actual use in the printing machine. 

In the economy of the colour shop, whore a great 
number of separate “batches” of different colours 
of different strengths are made, the method always 
adopted is to keep in stock sufiicient supplies of 
ready-prepared thickenings, mordants, and standard 
solutions of the various colouring matters. Hence it 
is generally only necoHsary to mix measured quantities 
of thickening and of solutions of colouring matter, eto., 
to form the “colour” in a stale ready, after strainings 
or other treatment, for the printer. 

1* Thiokening Faitei. 

Starch. — First, a large supply of atarck paaU is 
kept in stock, being a paste made by boiling wheaton 
starch and w'ater in the proportion of about 1/} lb. 
I)or gallon; a supply of stai-ch paste is also kept at 
lb. and 3 lb. per gallon for such colours as require 
it. Fi‘om starch paste, again, ai-e made other pastes, 
by mixing with colour standards or solutions of dyes 
so as to nifike strong colours which may rocpiire 
“reducing” or making more dilute by mixing with 
different proportions of more starch paste as required. 
Starch thickens better in the presence of a little 
acetic acid ; 1 gallon at 8^ Tw. in every 16 gallons of 
water used yields a good paste. The same quantity 
— or a larger if economy will admit — of olive or mjjo 
oil is a furtlier improvement, the paste being then 
of a better consistence for mixing. 

Flour . — This thickener is prei)ared for use by 
boiling lb, per gallon of water. This forms an 
excellent thickening paste, in consistence like starch 
paste, but more “gummy,” It is used chiefly for 
dyed alizarine red mordants, Tlie paste will only 
keep a very short time ; it decomposes in two, or a 
few more, ^ys, according to the weather, 

British gum is boiled with water at about 3 lb. per 
gallon. This gives a brown, tenacious solution, having 
properties somewhat resembling gum arabic solution. 
This solution is used in a great variety of colours. 
It differs, as a thickener, from starch chiefly in being 
of a gumn y nature; it “w’orks” or “furnishes” in 
the machine better than starch ; and hence is used in 
conjunction with starch — a much superior, but more 


expensive thickening paste being thereby obtained, 
which not only “ furnishes ” better, but keeps longer 
without deterioration-^British gum being less readily 
acted upon by ohemioala and the atmosphere than 
starch, Those and similar points defining the uses of 
the various thickeners will be treated more fully in 
the chapter on “ The Chemistry of Thickeners.” 

Oum dragon or tragaoanth solution is prepared by 
steeping tho gum in cold water at about 1 lb. per 
gallon for twenty-four hours, and then boiling for 
four hours, which gives a peculiar thick, transpiii^etit, 
almost colourless, jelly. It is used chiefly for alizarine 
reds on account of its transparence and absence of 
colour, and the ease with which it may be washed 
off the cloth after the colour is fixed ; it is also used 
along with British gum, etc., in pigment coloui-s for 
similar reasons. 

Cwm Senegal^ or Arabic, or Barbara, or Gedda, is 
prepared for use by boiling about 6 lb, per gallon in 
water till diHSolved; wliioli gives a thicjk, Mti*ongly 
gummy solution of rather light colour. This is used 
almost solely for blocking, as it gives out the finest 
pale shades, and is easily washed off, lojiving tho 
colour pure and clwir on tho clotli. 

Albumen paste is prepared for use by steeping 
blood albumen at the rate of about D lb. per gallon 
of cold water till dissolved, and then simining. There 
is generally added to the solution, pi’ovious to use, a 
minute quantity of solution of suli)hate of zinc, which 
causes a sort of semi-coagulation ; the mixture becomes 
KO\'eral times tliicker, without losing any appreciable 
amount of its fixing power. This groiitly economises 
this otherwise expensive thickening, Blood albumen 
is used only in mixing pigment colours, to whicdi it 
of (! 0 ur 80 acts both as tliickonor and fixer of the 
colour. The solution is of dark colour, very viscid 
and adliesivo. For very light shades of pigment 
colours egg albumen is used instead of the above. It 
is dissolved at the mie of 5 to 1 0 lb. to the gallon in 
the same manner as blood albumen. It yields an 
almost tninsparent colourleas solution. Kulphate of 
zinc i« rmvor employed with egg albumen, Botli 
egg and blood albumens putrify whtsn kept many 
days in solution, but this dec(.)inpositi()ri may bo 
delay e<l l>y the addition of a minute quantity of 
carbolic acid. 

Thioksiiiag Paitei aisd for Speoial Olaiiei of Ooloar, 

The above are what may bo termed siniplo thicken- 
ing pastes; the following are the most imiiortant 
special thickening pastes u.scd for different classes of 
colours. However, to treat in detfiil of all the various 
thickening iwiste^ used in different colour shops would 
be imp<')HNih]e; a few of the most general only can be 
given, and this we shall proceed to do in our next 
chapter. 
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TSa SOKESTIO HOUSE OB HOME ELAHHEB 
OB DESIOHEB. 

The Woes of the Touho Abohitsox oe Builheb in the 
Designing of Houbeb foe Town and Oountbt, 

OHAPTEE I. 

Introduotor 7 . 

Of the various classes of buildings, to the planning 
and construction of which the young architect looks 
forward with the blight expectation of youthful hope 
as the work of his future professional practice/' for 
which we suppose him to be now preparing, there is 
none of so mucli importance, not one which demands 
HO much of his thoughtful care, as that connected with 
Domestic Architecture. This does not ignore or in 
any degree minimize the importnnoe of the classes of 
larger structures open to his practice. But domestic 
structures constitute a class of which the varieties are 
more numerous, and the demand for which, taking 
the aggregate of individual oases, is the greatest ; and 
the pn)bability is therefore the more cesrtain that for 
a period at least of his early practice the young 
arcliitect or builder will be called upon to do more 
work of this kind than that of a more ambitious 
character. 

E«alth Inflaenoed by Some Arraagementi. 

The young architect has to bear in mind this 
important truth— that our domestic structures being 
those in which we live, in whicli many spend vir- 
tually the whole, and in which many others spend a 
largo proportion of thoir time, the health and the 
physical comfoit and well-being of the meml^ers of 
the community are moi*6 dependent upon and in- 
fluenced by the proper arrangement and construction 
of thoir liouses in the living or outortaining rooms 
in which they sit for a considerable portion, and in 
tlie bedrooms in which they spend the whole of their 
slec^ping time, than by the character of buildings such 
as theatres, churches, or the like, which they only 
occasionally fre<iuont, and in which stinitary and c^on- 
youient arrangements are more or less neglected. 

Domtitio Oomfort ZEdaeACed by Eonie ArraugsmsEtf. 

Nor is this matter of health, all-important as it is, 
the only point which comes up for consideration in 
connection with the houses we habitually live in. 
Hen engaged in business which takes them away for 
a large part of the day from their homes " escape 
for a time from such influences as their ill-constructed 
houses may bring into active existence. But their 
wives and families, and those who make up the 
domestic establishment, be it small or great, cannot 
so escape from such malign influences, if they exist, 
as in a too great majority of oases they unfortunately 
do* But this is not all, For the domestic work 
of a house involves much more than what is con- 
nected with heaJth. The claims of living are much 


wider than this. To insure comfort in living in our 
homes, a wide variety of work has to be attended to, 
and this attention is required to be continuous. 
Coming up from hour to hour, from day to day, tbo 
various details of home comfort, or convenience — to 
use another term frequently employed — are undergoing, 
a course of perpetual repetition. 

The QneitioE of EooEomiosl UaEtgement of Time laflnonoed 
by House Arrangements. 

Any one of the details which in their aggregate go 
to make up what is called “ house work ” may be con- 
sidered by itself as a mere trifle. But when this has to 
be attended to not once, but miiny times in the course of 
a day, the mere time which is consumed in this mokes 
the matter assume a totally difTorent aspect. If we 
ask what really makes up wdiat wo call the comfort 
of daily life, we arc constrained to confess that it is 
simply an aggregation of little tilings which, in the 
generally too loose stylo of daily conversation, we 
persist in calling “trifles.” It is the little thxnga 
in house work which ore ever cropping up, always 
crossing our path, 'and exoi-cising a constant, and 
because so, a powerful inflneiico either upon our 
domestic comfort or discomfort, in proportion as they 
are well or ill done and attended to. 

Men are but too apt to think lightly of the details of 
domestic or house work, and generally to understate 
thorn, till they actually persuade themselves that the} 
are trifles of little importance in their daily life. But 
this arises chiefly from lack of thoughtful observation. 
He was a shrewd observer who remarked that much 
of the inconvenience and the loss of time, to Bay 
nothing of the trials of temper brought about by badly 
arranged houses and by the lack of various useful 
appliances and contrivances, arose from architects and 
builders who were apparently ignoi’ant of their value ; 
or who, if they were indeed aware of their existence, 
determined, like so many men, that they were but 
trifles, and treated them as such — that is, simply 
overlooked them. Certain it is that if the designers 
of but too many houses notorious for their lack either 
of convenience in plan or of contrivances had had 
a true conception of how they ministered to saving 
of time and to the doing of good w^ork, they would 
have made their house plans very dlifereut indeed. 

Limited Oonoeption of ICanj of what oonititutii Good 
Eonee Planning. 

The plan of a house seems to many to be a matter 
of great simplicity, and the (xoints connected with it 
very easily decided upon and settled, if one may judge 
from the little attention paid to it, as evideno^ in 
the numerous houses of diflbrent classes erected in all 
parts of the country. If carefully examined by one 
who has given some study to the subject, and more 
especially if this examination be followed up by an 
inquiry as to what those who do the daily work in 
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fcbem, think of them as tending to make that work 
more easily and completely done, it will be found that 
those who have designed them must have hod a very 
limited conception of what the term plan, or tho 
work of planning, involved. 

The proper relation of one room to another, so that 
the convenience of those using them, the work of 
those who have to keep them in what is called 
order,” and of all the wide variety of work con- 
nected with the mere living of a family in the house, 
seems by this class of planners to have been totally 
overlooked. And yet how important this relation of 
the rooms one to another is, may be easily seen on 
a very slight consideration of what is really this daily 
life, and tho duties and requirements of it. In a 
small house it may, for example, be thought by some 
to be but a very trifling matter if the kitchen be 
placed in such relation to the other and what ai-e 
called the “living” rooms of the house, that a few 
yards of dark passage, or, worse still, a flight of 
steps, however short, are phiced between them. “ It 
is only a few more yards of possnge, only a short 
flight of steps to be taken, and tho work is done, 
taking only a few seconds, not oven minutes. What is 
the use of making a fuss about such a trifle as this?” 
Such may be, and indeed often is, the way in which ob- 
jections to such mal-arrangement in planning are met* 
But the very form of the excuse is the best possible 
proof that tlie whole issues or outcomes of tho case 
have not been nor are considered. And it is just 
this lack of consideration as to the value of time 
which lies at the root of, or is the cause of, that want 
of it as to the importance of convenience. 

Time lost and Fatigue Inonrred by Frequent Uie of a 
Badly Arranged Home. 

For it is forgotten that, although in a single case 
it is no very great loss of time to tmverse the few 
extra feet or even yards of a passage, or to run 
up a short flight of steps, yet it bo(!omes a very 
different matter indeed when those yards or feet and 
that flight of steps are gone over many and many a 
time a day. We say tliat this truth is forgotten by 
those who make light of such a mal-arrangement in 
planning as we are now considering j it would be the 
more cjorrect way of putting the point if we said that 
the true position of the matter is never thouglit of at 
all. Oei^inly, if thought of, it is deemed to be of such 
trifling imporiance that it can be very safely passed 
over. And we have known cases where, when the 
view of the matter as above named as to the aggre- 
gate large loss of time brought about by the constant 
r^tition of small losses has been put before careless 
planners it has struck them with quite a sense of 
novelty. The poet has said that more evil is done in 


the world from lock of thought, than from any real 
wish or desire to do the evil. So it may be said that 
some planners of houses do in their arrangements 
cimse the livers in them a vast deal of inconvenience, 
give them a great amount of bodily fatigue, nnd make 
them lose much valuable time, purely from lac^k of 
oonsideration of such points ; not from any real in- 
difference to the comfort nnd tho convenience of those 
living in the liouses. Indeed, as we have hinted» 
no one is more surprised than they themHolvos are 
when the true analysis of the case is put before 
them. 

Bomt Praotioal Examplei of Mal-Arraagomont of 
Homo Apartmenti. 

We have referred in general terms to the way in 
which the inconvenience in a house is created — namely, 
by badly arranging tlie rooms or apartments in relation 
to each other. But tho point is of such importance, 
and bears so closely upon the comfort, the convoni 
once, the time, and, as we shall presently show, upon 
the health of tlioso by whom tlie work of our houses 
is carried on, tliat we deem a few examples culled 
from practical soui'oes ai'o likely to convey some useful 
suggestions to tlie young ni‘chito(!t or builder. We 
have^ for example, met witli tliis arrangoinont in a 
detached suburban villa-cottage, or small villa. The 
house was of two stories, with a sunk flat, or what is 
called in the north of England a cellar floor. On the 
first floor the “entrance lobby,” or “hall”— as it is 
termed somewlnit grandiloquently in relation to small 
houses— the “drawing” and “dining” rooms, were 
placed. Also a very small I'oom, termod appropriately 
enough the “ sitting-room,” seeing it was so very strait- 
ened in dimensions or floor surface that little else 
than sitting could be comfortably done in it, space for 
walking or moving about easily not being witliin 
its walls. The kitchen, wLi(?h was of course also tho 
living room of the domestic servant, was placed in the 
sunk or collar floor, in that part of it immediately 
below tho drawing-room. Tho kitchen in this position, 
and at this level, could not on tho score of health be 
very seriously objected to as tho habitual living room 
of the domestic, — or “ slavey," so nicknamed with 
an ii’ony not altogether uncalled for when wo iKjar in 
mind the life which too many of our domestics live, — 
inasmuch as the walls of tho cellar apartment were 
not strictly cellar walls— that is, surrounded on all 
sides by the soil of the site — but were partly above and 
partly below tho general ground level. Ventilation, 
or a current of air through the kitchen, was therefore 
more easily obtainable than in the case of a purely 
cellar or sunk flat arrangement, lighted, as of necessity 
such places must be lighted, by a narrow — generally 
very narrow — cutting or well in front. 
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THE 7ACT0B7 OE KILL HAHl) AS A 
lECEHIOAL WOBHEE. 

The Oboxnization, Genebal Duties, aito Special 
WOBK OP THE Staff op Faotohikb pob the Peoduo- 
TION OP Spun and Woven Goods-that is, “Yabn” 
AND “ Cloth ’’-^AND those ohieplt in Cotton and 
Wool— Genkhal Dk?40biption of the Vabioub Pao- 

OESBES OP MANUPAOTUBE. 

CHAPTEK II. 

Wz oonoludod the first chapter by describing briefly 
the qualities of cottons used for different kinds of 
goods; and we might here state the average length 
of staple of the different kinds of cotton in the 
market) but as it would not tend much to givo the 
reader a further knowledge of its use, we shall satisfy 
ourselves by giving the two extremes which we have 
seen tabulated) and which from our experience in the 
buying and using of cotton we believe to be trustworthy. 
Although wo have not measured them with fractional 
accuracy) yet they may Im accepted as correct ; the 
shortest staple used for spinning or manufactuzing 
being ii^ch, the longest IjJ inch long. 

IzplanatioB of the Term ^^Counti)’* moh ai 

The reader will have notice*! the expression such 
as “40*” in the paragraph above alluded to; tlio 
meaning of this may be briefly described now. Ail 
cotton “ yarii)” or as it is popularly oalled, “ thimd,'^ 
is known for its vaiious qualities by certain numbers, 
as the above, or 60" or 1 DO", or the like. The special 
number indi(fates tliat 40 or GO or 1 DO hanks ” of 
yai*n of a certaizi fineness go to tlio pound weight 
of yam. The teclinical and trade points connected 
with ** yarn hanks," making and packing up, selling, 
etc,, etc., will be fully explained in due course. And 
before going into the actual details of the manufac- 
ture, and of the discipline and management of the 
different departmontfi of the ** mills” or "factories” 
where it is carried on, it will he as well to givo hero 
some general notice of that district of the kingdom 
whicli is on all hands admitlod to be the grand seat 
of the cotton trade, To tliis wo have already made 
incidental allusion in referring to Manchester, which 
is the centre of this ))usy district. 

Brisf GUnos at the Great Diitriot of our Chief Textile 
Kaavfaotarei— Zti Fraotioal Sa^goetioni. 

Manchester i« the dep^^t where goods of all kinds are 
deposited, to which manufactured articles of cotton 
in the vaiious forms are sent as to a common market, 
and where they can be ha<!, and if not in stock can 
be ordered, and voiy stK>n can be delivered — more 
easily* of coui'se, in goods of a coarse than in those of 
a fine quality. As we proceed, we shall give reasons 
for the difference in time required for the prepara- 
tion of fine over that of coai-ser materials. We say 
Manchester is the dcp6t for cotton manufactured 


goods. It is situated in a most central position, and 
therefore convenient to the surrounding spinning 
and manufacturing mills. It is encompassed on all 
its sides, or nearly so, by towns — themselves large 
and densely populated — ^whioh prcduce immense pro- 
portions of cotton goods in the form of yam ready 
for any manufactuzing purpose for which it is 
intended, and then, after being manufactured, that is, 
woven into cloth, to undergo a variety of manipu- 
lations — ^such, for instance, as bleaching, printing, 
dyeing, etc. Within the radius of twelve miles of 
Manchester it may be said that all the various 
processes here nnmed are carried on in each or in 
most of the following towns. Manchester itself, 
considered merely as a manufacturing town, and not 
as the great centre to wliioh the work of all the 
otlier towns gzuvitates, is noted for fine spinning 
(more fitie than coarse spinning), manufacturing, 
dyoizig, etc. It also conbiins every facility for making 
and fully pz-eparing all the necessary nmohinery for 
spinning (making yam), making cotton cloth {ie. 
weaving), etc., etc. It has some fine engineering and 
millwriglit works, and also numerous machine works, 
which make machinery for every part of the world 
where cotton and other textile fibres az*e operated upon. 

Taking next the town of Oldham, we find it to be 
most famous for its production of " 32" yam,” though 
it is somewhat Mnowiiod not only for spinning very 
coarse yarns, but for the quaziiity of them which it 
produces. Prom the common but somewhat expres- 
sive term used in the district, we may learn that 
Oldham has been, and is still, famous for its spinning 
of very coarse yams, " three threads for an armful.” 
Oldliuin being our largest spinning town in the 
kingdom, we must, of coiirso, expect its powoi'S of 
pi-oduction to be very large. Tlio finest yam pro- 
duced in that town is about "40".” Cotton yam is, 
as w'o have snid, known for its various qualities by 
certain numbers — as "40*” in the text; tlmt is, 40 
hanks of a certain fineness known as "40,” goto 
the pound of finished yam ready for the market. 
Oldliaiu and its immediately outlying district is not 
coidincd to the spinning of threads, but it has some 
standing in tho pi^oduction of heavy manufactured 
goods, such as fustians azid cotton velveteens. A 
great proportion of the cotton mills in Oldham ai‘e on 
tho " limited liability principle.” No town in Lan- 
cashire has what may be called such a mania in this 
direction of speculation as Oldham and its district, 
and therefore it is designated the great "emporium" 
for "limited liability companies." Oldham is favoured 
with one of the largest machine-making works not 
only of lAincashire, but of all the world, and that is 
now also a "limited liability company.” The army 
of men and boys turning out fiDm their work at 
meal-tir cs (tay dinner-time, and at 5.80 in the after 
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Qoon, when the rood is not only lined but filled with 
men and boys), is beyond description. There are 
other large machine-making works in the town. 

Boohdale is, and has for long been, a noted town 
and district for co-operative cotton mills, but it bears 
in this respect no comparison to the town of Oldham 
and its immediate surroundings, Boclidalo is a 
considerable town for cotton spinning and manu- 
facturing; mostly for a coarse class of goods, heavy 
materials. It is possessed of some machine as well 
AS of millwright and engineering works. Both these 
hist trades stand in a good position in Lancashire and 
Yorkshire ; many of the works are old-established con- 
cerns, which therefore have been well tested by the 
public. The machine makers in this town for certain 
classes of cotton, worsted and wool irwichinery, are 
second to none, and have held that position for a 
number of years. This to'vvm is not only famous for the 
above-named manufactories, their long stfinding, and 
the varieties of cotton spinning and manufacturing of 
(cotton goods, and of iron works ; but finothor branch 
of manufacturing is earned on — whicli, however, is 
more extensively met with in and about llalhVix and 
other towns in Yorkshire — namely, that of “earpet 
manufacturing." It is not a leading class of nuinu- 
foctuiing for Kisdulalo, but still there is one large firm 
which carries on that industry, and we believe the 
buainesA has been successf ully sustained fora longperiod, 
and stands in a solid position in the carpet market. 

Between Maiu'hesier and Ilochdale there are two 
other towns of some iinportanco as cotton spinning 
and manufacturing places- Middleton and Heywood. 
In one of these towns, looms #ind other machinery 
for weaving (manufacturing) Jire constructed. Three 
miles from Heywood we come to the considemble 
town of Bury, where cotton spinning and manufac- 
turing arc c;ari*ic(l on to a considerable extent, mostly 
in the coarser kind of goods. In and around the 
town many mills may bo seen. This, like some other 
|>opulous towns, lias its large miudiinery-muking 
woi’ks, — one Gsp(‘c?iiilly, where every kind of machinery 
is made, from the boiler of a steam engine to the finest 
pietie of miujhinery used in the spinning and manu- 
facturing of (fotton goods. If we proceed a distance 
of six miles we arrive at the important town of 
Bolton-le-Moors (commonly called Bolton), It is not 
renowned for its manufacturing of calicoes, fustians, 
velveteens, and printing-cloths ; its manufacturing 
consisting in the making of sheetings. These fheet- 
ings are made from the coarsest material (or nearly 
fio) that is spun, which is known by tlio name of 
“ caddy shoots," sometimes designated as “ Holton 
sheets," There was a time wlien Bolt^m was famed 
for what is called ‘^Bolton quilts," much used for 
vests. Not being fashionable at the present time, 
each cloth is little known. It was more commonly 


used for gentlemen’s vests than for other purposes, 
was well known for its durability in wear and its cleanly 
appearance after being washed, and is a material in 
many respects well worthy of being again widely worn, 

Bolton is better known, and has been from the com- 
mencement of the cotton spinning trade, for what are 
termed fine counts, t.s, fine yarns (fine threads). There 
are but about throe mills at present engaged with this; 
branch of the trade ; the tiTiest counts produced being 
160" to 300". The lejidiug counts of yarn which this 
town boasts of now are from 40" to 90", but iho 
yarns generally named Jia “ Bolton counts " iiinge from 
45" to 60" twist, designated **mc<iium cotints,” The 
new mills in Bolton arc noteworthy fis regards tlu' 
size of the structures, and in some cases for their 
elegance in design. The neigh l>ourhooil of this town 
abounds with “ bleachers." No other town in Irfuica- 
shire stands so high in this do|)artinent of textile 
work. Bolton is by no nmans wanting in machine 
makers. Of millwrights and engnieers it Iwis almost 
more than its share. In mmshinery for cotton spin- 
ning it is celebrated for the making of the cotton 
maohiues known as ** mules," — hereafter described, 
and which are used for fine spinning. It has its 
forges probably to a greater number than any other 
town we have named. 

Within about three miles of Bolton there are other 
places of large pixKluotive power for spinning and 
mnnufaciui*mg. In returning towards Manchester 
we pass thix)ugh, and adjticent to the main rood, 
Mosesgnte, Farnworih, Swiiiton, Pendleton, and 
Salford. At a distiitice of four miles from Manchester 
wo arrive at Eccles and Patricroft, which have several 
mills. ] Aaviug Manchester for Stockport, to the south, 
at a distance of six miles we come to a town not 
much renowned for its beauty — although for that of 
its envii-ons few towns can claim so much — but 
none the less so for its pi'oduction of yarns and 
cloth (calico), Stockport may bo said to be the 
favoured town, as, if the first steam-power loom 
had not its birth actually there, it ro(;eived those 
improvements whicli made it the effective machine 
it now is. These were due to a gentleman of tlie 
name of Ilorrockn ; and, strange to say, his education 
had not boon in any way connected with the Lan- 
cashire cotton trade, Tlio productions of cotton 
yams and calicoes in this town and in its immediate 
neighbourlu'od are of a coarse kind. Most of the 
mill buildings in nnd near the town are of an 
old stamp, better calculated for ** throstle spinning " 
than for self-acting ** mule spinning," Tlioro is much 
throstle spinning there. I'he river Mersey is lined 
with mills on its bank, Stcxikport is not noted for 
millw'rights or machinists, but nevertheless it has its 
foundries and various small works where machinery 
can be rei>aired, 
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THE OENAHEITTAL EBAUeETSMAN ; 

Hib Study and tuk Details op its Practice, chiefly in 
Relation to Technical Work in MANUPAOTUBiKa 
Design. 

CHAPTER IT. 

First Leiion in tlio Drawing or tbe Copying of Straiglit Linoi— 
Vertioal Linos. 

Here the pupil expected to copy these five lines 
precisely and exactly as they are set down in fig. 1. 
A difficult task, undoubtedly; but also, we may say 
for bis comfort, by no means an utterly hopeless 
one. Let the board before the pupil be on a table, 
raised to an angle of 80° if the pupil sits down; 
or if he stands up placed upon an easel, which 
he can easily make for himself. Then, with a pencil 
tolerably finely sharpened, let him commence opera- 
tions. 

Let him measure with the eye, quite calmly and 
deliberately, the length of the line a b, fig. 1, and 
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try, with ** all his mind set in his fingers,’' to make one 
like it. Then, after the same fashion, let him calcu- 
late the distance between a b and its right-hand 
neighbour c rf. The pupil should then draw this 
second lino in the satno way, and proceed thus until 
he has managed to get through the whole figure. Now 
let him set the original and the copy together, and 
makea minute and searching compaiison between them. 
He will most likely discover immediately a difference 
in the sisea of the figures aa wholes. The pupil has 
either estimated the length of the line a h incorrectly, 
or the distance from a to c may be wrongly calculated, 
or very probably both of these faults oro to be found 
in the drawing. Theh lot the pupil notice how veiy 
inacourat-ely ho has mentally measured the amount 
of space between the lines individually. If ho takes 
a pair of spring-dividers to test those dist»inces, he 
will perhnps find the space between the first two 
lines greater by a fourth than that between the fourth 
and fifth. And let him observe, again, how much 
he has failed in attaining to the parallelism of the 


lines with the edge of his drawing-board or oartridge- 
dieet. The first one, for example, he diROovors to 
be anything but strictly perpendicular. It has a 
somewhat decided tendency to incline a ^^L otle” too 
much either to right or left. Ho will notice, like- 
wise, that instead of being parallel with each other, 
no two of the lines eon with any amount of strictness 
be called so. For the meaning of the term parallel 
see the paper on “ The Geometriciil Draughtsman.” 
In his copy the line e / may have some inclination 
towards g h or c d. In the original none of these 
faults exist ; not only are the lines vertioal, but they 
are parallel to one another. The pupil should here 
note that we use the term “ vertical” with a purpose — 
a position of the line which is practically unvarying 
—-making a special distinction, which is absolutely 
essential to be made, between this term and that 
known as perpendicular. For it is often the case, 
even with those who ought to know better, that these 
terms are used by them as being identl: d or meaning 
the same thing, which assuredly they do not. A line 
may be perpendicular to another line, yet that per- 
pondioular line be horizontal — a statement which, 
although it may appear odd to some, is nevertheless 
absolutely true ; just as a line may be perpendicular 
to another, and yet that other line may go in any 
direction. For a further exposition of this, and other 
like terms, the reader is again referred to the paper 
** The Geometncal Dmughtsman.” 

Let the draughtsman look, finally, at the unsteadi- 
ness and weakness of the whole five as straight lines : 
we may suppose that a b gives way in the centre; 
cd begins with a slight curve, stmight in the centre, 
end curved again at the end ; e f may be worse, and 
gh no l>ettor. And so on to the end of the lesson — 
wilfulness, inaccuiiujy, imperfection, from beginning to 
its end. Do not let the pupil at this point be guilty 
of throwing do>\Ti his pencil and putting aside his 
drawing-board, either in disgust or vexation, Certainly, 
we admit that the examination of his first attempt 
has been most disheartening. It is hard enough to be 
conscious of weakness generally, without having all 
the particulars of tliat weakness thrust before one’s 
eyes. Let him rest assured that the right fashion of 
mending matters in this case is boldly to try again. 
He may take heart at being disheai'lened, for con- 
sciousness of weakness is really a step towards 
strength— -a somewhat paradoxical statement, the 
truth of which youth and inexperience have great 
difficulty in believing. Let the beginner remember 
that the thing he basset himself down to do demands, 
as we have all along told him, dogged determination, 
and purposeful, thoreugh, conquering labour. Excel- 
lence is attainable; but he may rest quite confident 
that an ocean of downheartedness will never fill one 
cup full of success. T^et him start again, and yet 
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^goin ; let the extent of }ixs wishes be the measure 
of hiB efforts, and triumph is certain* 

Second Leeson In tho Drawing or the Copying of Straight 
Linei— Horliontal Lines* 

We pass on to fig* 2. The pupil will, observe that its 
construction is exactly similar in all points to that of 


Fig. 2. 

1, except that in this case the lines are horizmtaL 
The instructions which were given for the drawing of 
fig. 1 apply to fig. 2, and a severe examination of this 
latter lesson is to be carried on, after the manner in 
which tho former was criticized. The pupil should with 
<ill honesty and faithfulness test every lino, until by 
repeated efforts his eye has bcc^ome honest and faithful 
likewise, and his hand firm, powerful, and delicate. Ho 
will of course notice in those two figures the small 
arrows. These indicate the direction in which the 
lines are to be drawn. He may, in the first figiiro, 
draw the first tlu’co lines from top to bottom, tho 
others may he drawn from bottom to top ; and in fig. 2, 
in like manner, the top three lines from left to right, 
the lower two from right to left. Let him be careful, 
if he does no more, to do at least as much ** as is sot 
clown for liim,” and in no wise neglect to practise the 
drawing of the figures after the directions given. 

Third leiion in the Drawing or the Copying of Btraight 
Lines--angnlar, Sloping or Ohliqnt Linei. 

We suppose now that the student has been grinding 
away at these figures, until he has attained to such 
power and truth of manipulation as will enable him 
to draw figs. 1 and 2, or subjects of precisely the same 
character, with some degree of certainty and accuracy. 
He has toiled away, mayhap, until his hand has been 
tired and his brain weary ; but let him look at the 
result which he has attained. He can, as the result 
of his patient labour, draw a perpendicular line. He 
can likewise draw a horizontal line. He has a pretty 
correct notion of length. He can, to some extent at 
least, calculate the distance between two or more 
points. He has, in short, laid well and firmly the 
foundation of ornamental drawing, and the toil 
attending his efibrta has been far more than com- 


pensated for by the increased power of his hand and 
eye. He should look at the fact that all the figures 
do not possess for him the slightest difficulty ol 
imitation, and of course as much may be said of all 
the infinite combinations of straight liiieR. 

We shall now take figs. 3 and 4. Hie pupil will 



observe that the linos in these figures are not 
pirallel in either case with the edges of his drauing- 
boord, but incline at an angle. This, however, will 
offer no great difficulty. He can diuw a straight line, 



Pig. 4 . 

and the direction of that line is a matter of but 
subordinate consideration. Let not, however, the 
knowledge of his being able to do this have any 
influence towards lessening the concentration of hi-t 
efforts towards the doing of the work of this spedsl 
lesson well. Let him always keep clearly before him 



73 


THE ORNAMENTAL HRAVOETSMAN 


the fact that this work he is about is anything but 
easy work, and that his triumph will be measured by 
the constancy of his toili He will carefully observe to 
draw the lii‘Bt three lines in figSi 8 and 4 in the direc- 
tion of the downward-pointing arrows ; the last two 
in either case vice veTsd* Let him be sure, likewise, 
that the acuteness or obtusoness of the angles with the 
perpendicular edge of the drawmg-board is correcti 
Let him carefully compare his copy with the original, 
and lot him master every figure before he proceeds to 
the next. 

Xtuportant Foini to bo coniidored by tbo Btadent at this Stags 
of bii Elementary Work. 

At this stngc we would insist upon the pupil re- 
membering this important consideration : that it is not 



Fig. 6. 


tiie number of copies which he may finish which will 
indicate progress, but the manner in which they ax ‘0 
finished. If lie cannot firmly draw a straight line, let 
him work at it until he ciin, — there is nothing gained 
by doing h dozen copies in a careless or slovenly manner, 
but the gveuxi gain in being able to draw a stniight 
line correctly in any direction, a student cannot over- 
estimate, and the dmwing or working power w'hich it 
gives liim U diflicult also to exaggerate. Therefore 
if he master this, the first stop, well, all that follows 
will become the easier. Yet do not let him for a 
moment think that we underrate .the di^cultios that 
are to be ovcTComo in learning to draw curved lines ; 
we only w'ish to impress this fact, that they will 
become easier frem having mastered the diifioulties of 


drawing straight ones. He will also see that th< 
insistenoe on a habit of strict observation is layin^ 
down a basis on which his whole after studies depenc 
He must remember that to educate the hand to drav 
and the eye to see any object correctly takes a Ion 
time of very careful practice and observation. 

Fourth Loiion in the Drawing or tho Copying of Straight Line 
^Combinationi of the Clasiei of Lines of the Three Fr 
ceding Leisoni. 

A new combination involving points of practice c 
great importance to the pupil is illustrated in figs. ' 
and 6. In those all tlio elementary linos already give: 
are combined in simple forms. Let the pupil dra 
fig. 6, keeping the drawing in one posUion^ and ohang 
tho position of tlie liand to suit tho diiFerent direc: 
tions of the lines. The same remarks apply to fig. 6 
The reader will have observed that a certain part c 

A V” 

Fig. U. 

the above is iUtUcmd — “ in one position.*' The poin 
here involved is one of considerable importance in the 
practice of drawing. It may be assumed as true thai 
while one dmughtsman has a readier facility to draw 
a line in one direction than another draughtsmai 
has, the latter may be able to draw with accuracy 
line in quite another dii^ection. In either case the 
draughtsman will be tempted to place his drawing oi 
copy in positions, as he proceeds with difihrent parte 
of his drawing, which will enable him to follow that 
direction in wliich he can most easily draw the line, 
But, seeing that one of the results of his practice u 
that he should be able to draw with equal facility 
linos in different directions, this method of mooting 
the case is vitally wreng. He must place his copy 
precisely in the same position as shown in the figure^ 
as in figs. 5 and 6 — he is copy^g from. This is whai 
honest, conscientious work demands of him. 
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TES TOTTEG ARCHITECT OB EHGIHSEB. 

Ex8 STxrDis&— Office Dutib8-*«and Pbaotioal Wore in 

THE Preparation of Wobkinq Dbawinqb, of Spboifi* 

CATIONS, AND CONTRACTS FOB WORK* 

CHAPTER II. 

PrelixnlBarF BkatoRsi of tRo Work to bt Done. 

Fbeuminaby sketches are prepared by the architect 
and engineer with the object of ascertaining hia client’s 
intentions, and of studying how those can be arranged 
to the best advantage on the proposed site ; tliey are 
generally dmwn to a small scale, and are limited to 
plans and elevations : the latter are generally only 
rough, but effectively tinted pencil sketches. 

It is very desirable that every point in connection 
with both plans and elevations should bo thoroughly 
studierl and discussed ; definite instructions should be 
obtained before the contract drawings ai*e commenced, 
and a survey of the site nnd its suiTonndings must 
be prepared and levels taken. A level, theodolite, 
poles, and a chain will be requii'ed. The use of these 
instruments, and surveying generally, will he sepa- 
lately described under the heading “ Surveying.” 

When the nite is in town it is fi-cquently covered 
by old buildings, plans and sections of which are of 
coui-se required, and are easily prepared with the aid 
of a sixty-wix feet tape and a six-feet i*od. The build- 
ing should be first carefully examined, the relation of 
the diffei*ent parts and the general plan and constmo- 
tion noted. Rough skotclies in pencil must be made 
of each floor, showing all the architectural features, 
such as windows, doorways, chimney-breast recesses, 
columns, pilasters, steps, etc., and dimensions then 
taken— which can be done most rapidly wdien two men 
are engaged in taking dimensions and a thii-d in 
!>ooking them. Horizontal dimensions should, when 
possible, be taken from the outside face of the wall, 
tind every effort made to obtain through metisurements 
and diagonals. The vertical dimensions should be 
from floor to floor ; and one should, if possible, be 
laken from the liighest available point to the lowest, 
to serve as a check, When the preliminary sketches 
have been approved, and the survey and plans of 
the site prepared, the contract drawings can be com- 
menced. 

Contract Drawings, 

ns the name implies, are those on which the contract 
)r agi-eement l>etwecn the architect and the builder 
or contractor is based ; they must completely illustrate 
Bvery portion, internal and external, of the proposed 
lew building, and as far as possible the entire con- 
struction. They are necessarily drawn to a small 
scale, generally to eight or four feet to one inch ; 
occasionally other scales ore used— six, twelve, or 
sixteen feet to an inch. The last of these is too 
small, but may be used for buildings covering large 
areas and eontsining little detail ; and a ** one-sixth ” 


scale is a most objectionable one in practice, as the 
workpeople are unaccustomed to it, and not usually 
having it marked on their two-foot rules, ara put 
to great inconvenience eveiy time a dimension is 
required; serious errors are in consequence only too 
likely to occur. The time will no doubt come when 
scales similar in principle to those used on the 
Continent, baaed on a decimal system, will entirely 
supei-sede those now in use in this country. It 
is sometimes found desirable to include one or inoro 
drawings to a largo scale, such os two feet to mi incli, 
to further illustrate important portions of the building. 
The contract drawings include plans, elevations, and 
sections. The plans comprise bhwk plan, plans of 
foundations, of every floor, of all ehihorato ceilings, 
roof timbers, and finished i‘oof plan. The sections 
are longitudinal and transverse; their number must 
necessarily depend on the size and charactoi- of the 
building j they must illustrate the intenor of every 
large room, eveiy differenije of level, all staircases, 
halls, corridors, the main roof construction^, and any 
special feature of the interior. The elevations must 
show every portion of the cxteiior, both above and 
below the gi-ound level ; tlio portion below is genorally 
dotted, 

Before describing the drawings in detail, a few 
words on their preparation may not bo out of phuw. 
They are either drawn on sheets of paper damped 
with a s|K)nge and glued round the edges to drawing- 
boards and allowed to dry and stretch as ah'eiuly 
descriliod, or on paper mounted on calico. Tlie number 
and general dimensioiiB of the plans, elevations and 
sections must be aacoiiiiiiied and roughly plotted on 
the sheets of paper, one or more being drawn on oacli, 
as space will allow, with a wide uniform margin all 
round for the border-line, title, numl)cr, and scale. 
The first drawing is : — 

The Block Flta 

of a buihling, on which the proposed buildings are 
shown only in outline, togetlier with the general 
surroundings and approaches ; thus, if it is situated 
in town, the streets in fi*ont, at the sides and at the 
back, or the adjoining property, should be included ; 
if the site is in the country, the approaches fiom the 
nearest road, and all surrounding fea.tiires that may 
bo necessary to accurately fix the position of tlio build- 
ing, or may in any way influence the plan, must be 
shown, llie drains and their connection with the 
nearest sewer or cess2>ool are usually drawn on this 
plan, as well as all out-buildings, yards, areas, enclo- 
sures, terraces, and grounds. The scale of the block 
plan is generally smaller than that used for the other 
drawings j it may be considered a survey rather than 
an architectural drawing. The cardinal points are 
usually included, and any further information inci- 
dental to the site. 
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The PUn of Foundfttioiu 

b frequently included among the contract drawings ; 
many architectSi however, in order to save time, make 
the plan of the lowest floor serve in its stead. If the 
foundations are very extensive, a carefully figured plan 
of them is a great convenience to the contractor and 
to the clerk of the works, and should never be omitted. 
On this plan all the external and internal walls, 
foundations of columns, piers, machinery, hoists, 
engine beds, boiler fliios, areas, etc., must be distinctly 
shown, and if they arc on different levels small sections 
should be added in the margin, carefully figured from 
any available fixed jwint on or near tlie site. For 
this purjfMJse a doorstep, window-sill, sti-ing-course, or 
an iron pin diivcn firmly into the ground where it is 
not liable to interforeruto during the progress of the 
works, may be used. Tho distances between the walls, 
pierSj etc., tho wi<lth of all openings and ai*chea, should 
be carefully figured as far as posHiblo from centre lines, 
and tlie thickn<!.sH of all tho walls should, if built of 
brick, be stated in bricks thus, <■” 1 ^ bricks —> . 
On the small Hootionn the radius of each arch must 
be figured, and tho centre from which it is struck 
ilistinctly marked. Concrete, puddle, piles, flagging, 
required by the nature of the ground to make sound 
foundations, must bo shown, figured and distinguished 
by suittible tints. 

Th« Baiement or Cellar Plan of a Building 
18 that of tho floor built wholly or partly below the 
street or ground level ; in many buildings erected on 
valuable sites a sub-basemont is pLioed below (in sc)me 
cases several). The lioight of the collar above tho 
ground depends, of course, on tho use to which the 
building above is devoted ; if tho ground floor is to be 
formed into shops, or uso J for any purpose that necessi- 
tates an approach by only one or two steps, the cellar 
must be entirely below the ground level, and lighted 
by areas or deck-lights ; but when tho andiiteot is not 
thus bound, it is advisable to build it a third, and if 
possible half, of its height out of tho ground. Build- 
ings intendod for domestic purposes should invariably 
be collared throughout, even if the s|>aoe ciinnot bo 
used for any useful purpose, as it adds, if well venti- 
lated, to the dryness and warmth of the floora above. 
In warehouses the engines, presses, and all heavy 
machinery are invariably placed on tho lowest floor, 
as the vibrations would in course of timo injure the 
building if they were placed in one of tho upper 
stories i and as portion of the basement is generally 
used for the storage of the heavier goods, it is usual 
to build it with as largo a window area as possible 
above the street level. The contract drawings of a 
warehouse should therefore include a sub-basement 
plan entirely below the street level, in which the 
hoilerSf engines, presses, and any other machinery 


required can be placed, and a basement plan having 
window-sills level with the street pavement, if possible^ 
for the storage of heavy goods. The position of the 
boilers and machinery, engines and shafting, on the 
plan must always be carefully studied and distinctly 
drawn, as they should of course be so placed that they 
can be easily removed when worn out. Instancea 
have been known to occur when it has been necessary 
to take down portion of a building in order to i^emove 
an old boiler and insert a new one, through the neglect 
on the part of the architect of this very obvious- 
foresight. Machinery of every description should 
invariably bo drawn on the plan with sufficient space 
for the workpeople to approach it from every side. 
Boilers would be useless without plenty of space in 
front, and if the position of the coal stores and means- 
for removing tho ashes were not carefully planned, 
great loss of time and unnecessary labour would be 
caused. When the basement or sub-basemont floor is 
boarded, short air flues, |>rotectod by cast-iron grids, 
must bo shown on the plans, extending from below 
the floor-boards to the exterior of the building, to- 
provent the air between the joists from becoming 
stjLgnant. Shafts or flues must be carried above the 
roof, to carry off vitijvted air, and be drawn both on 
the basomont plan and on those of all tho upper- 
floors. If the architoot omit these details, tho property 
of his clients will soon become subject to dry rot. 
On tho plans of these floors, both the internal and 
external walls are made considerably thicker than 
on the plans of tho floors above — more especially tho 
latter, which should, in the case of dwelling-houses, bo 
surrounded by a continuous area oiglitoon inches wide,, 
covered with a cast-iron gniting as a protoelion against 
damp. Basement plans ai'e not always arranged to 
provide for storage and mmdiinery; occasionally tho 
architect is expected to provide accommodation for 
many other purposes, more especially in buildings 
erected in large towns. For instance, dining and 
billiard-rooms are frequently placed below the street 
level ; large fire-proof safes and muniment-rooms must 
1)0 shown on the basement plans of warehouses and 
banks. The small theatre in the basement of the 
Criterion in London, the boys' readhig-room under 
one of the free libraries in Manchester, and school- 
rooms under churches and chapels, are examples of 
basement floors made to serve s|)ocial purposes. 

The above remarks will convey to the young archi- 
tect a fair idea of the points to which he should 
direct his attention in connection with the plans of 
cellars or basements of the different classes of build- 
ings named. As a rule too frequently with many, 
this part of the structural arrangements has but little 
attention given to it, and in many *^s 6 ts of plans” bo 
called, its plan is altogether absent. 
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OF SuLpiiUBio Acid, Soda Ash, Oaustio Soda, Soda 
Obystals, used in a Wide Yaeiett of Pilooehses. 


C II A PTE K I, 

Introductory. 

Sixty years ago the alkali maker dopondod for bis 
raw material on tho ashes of plants j soa weeds when 
burned yielded the alkali called soda, while the ashes 
of land plants yielded the alkali potash. Since that 
time— that is to say, since 1823 — the ingenious process 
discovered by a French apothecary naujed Le Blanc 
has been introduced all over tho world, but especially 
in England, for the manufacture of soda from common 
salt. This invention dates from the year 1792, and 
the process was in work in Franco two years later ; but 
the inventor did not reap the fruit of his labours, and 
after a life of much siiifenng died in a French work- 
house. This, or a like, is the two fnxpient fate of the 
benefactors of mankind, a.s the annals of invention 
and discovery but too painfully show, 

Hateriali used in the Frooeii. 

The details of the process as laid down by Le Blanc 
differ in no important respect from that at present in 
use— the materials retpxiitxl, and oven their amount, 
being precisely the same. These materials are : — 
Sull^luiric ucid (oil of vitriol), 

Sodium oblorido (common salt), 

Curboiifttc of lime (limestone, cluilk), and 
Coal. 

The alkali maker soon found it advantageous to 
make his own vitriol, and as in every large alkali works 
the vitriol plant i« worked beside the alkidi jdant, we 
begin with a description of this important manafaoturo. 

Hanufaoturo of Sulphurlo Aoid. 

OcGurrmce * — Sulphuric a(jid occasionally occurs 
in the free state in nature. This is paHicularly tho 
case in volcanic neighbourhoods, such us Iceland, the 
Andes, New Grenada, and Java, whox'e it is doubtless 
produced by the oxidation of sulphur and its com pounds. 
Although tho amount of acid formod in this way is 
sometimes large, amounting according to Boussingault 
in ono case to 1 5,000 tons i>er annum, it is not possiblo 
to utilise such sources for the economic production of 
the acid. 

Hutorj, — Salphuiio acid was probably known to 
Geber, but its preparation is first described by Basil 
Valentine, and still more fully by Gerard Borneas 
in 1590. It was made at that time by distilling 
sulphate of iron (green vitriol)— a method still em- 
ployed for preparing the strong fuming ** variety” 
called Nordhaubeu sulphuric acid. Its manufaotnre 
from sulphur is of English origin, and is due to Dr, 
Ward, who patented a process for its production, by 


heating a mixture of sulphur and niti^e in large glass 
vessels containing a little water to dissolve tho sul- 
phuric acid formod. This acid w^as known as oil of 
vitriol made by the bell,” and was thus clistinguishoil 
from that made from green vitriol, Tho gloss boll ” 
w'as soon ropla(!ed by leaden cbambers,at tho suggestion 
of Dr, Roebuck, of Birmingliam, who, in 1749 eiH*cfcod 
large works at Preston pans in Scotland, whore the 
manufacture is still oairied on. Since then tlie ope- 
ration has been chiefly im])roved by increasing the 
size of the chambers, and by carrying on tho process 
continuoush'. 

Theory of the Uanufaotare of Sulphuric Aoil 
Tho materials now useni for tlio manufacture of 
sulphuric aedd are as follows : — 

Sulphur, or iron pyritoH, yielding sulphur dioxide, 
when burned. 

Chili saltpoiro (Hixliiiiu nitmto), yielding nitric acid 
when treated with sulphuric acid. 

Aims a source of oxyjjon. 

Water in tho of steam. 

When these four products — nanmly, sulphur dioxide^ 
nitric acid, air, and stonin — o-ro brought U>g<?tlior, sul- 
phuric acid results, hut tho precise character of the 
reaction has given rise to iniudi disctissii)n, und even 
now can only bo npproxhniUtdy explained, JSrielly 
stated, its general naluro is as follows; — The sulphur 
dioxide takes up oxygen from tho nitric acid, tliorel>y 
producing various oxides of nitrogen and sulphuric 
acid. Theee oxides of nitrogen are tdso capable of 
oxidiziing sulphur dioxule, and in i»resonoG of steam 
Bul[>hurio acid is formed, juid ultiiiuitoly nitric oxi<lo, 
which, however, is incaipahlo of oxidizing Hiil])hur 
dioxide. But nitric oxide is i‘(!Mdily converted hy tlio 
oxygen of tl»o air into higlier oxides, wliicli again effect 
the oxidation of further (juantities of sulphur dioxide, 
and hy tho recurrence of thes<i roaetioriH a continuous 
pi’oce&s is ostahlislied whitsh llieondically ought to go 
on so long as fresh quantities of sulphur dioxide, steam 
and air are admitted to the chamber. Of courro this 
is pnictioully unattainjibhj, owing to leakage, dilution 
with tho nitrogen of the air and olhej* cau-es, und 
luuice it is necessary to add fi'om time to time fresh 
quantities of nitric acid os well. 

Beaotiotti in the Frooeii of Snlphui io Aoid Making. 

The reactions may be exi)ressed by the following 
chemical eciuatioiis ; — 

(a)Nitrioftcicl(2HNt)0 + Rulpliur dioxide (SO,) - Sulphuric 
acid (n,S04j + Nitrogen totroxide (N,04). 

(J) Nitrogen tctrf)Xidc (N,04) + Sulphur dioxide (SO,) + 
Water (H|0) - Sulpliuric acid (11,804+ Kit r(»gcn 
trioxido (NjO,). 

(jo) Nitrogen trioxhle (NjOj) -I- Siil|)hur dioxide (SO,) + Water 
(H,0) - Sulphuric acid (11,804) + Nitric oxhle (1^,0,). 
(d) Nitric oxide (N,0,) + Oxygen (0,) from th air^ 
Nitrogen tetroxidc (NiOi). 

Thus it will be seen that equations a, h and c all 
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result in the formation of sulphuric acid and of one of 
the oxides of nitrogen capable of oxidizing sulphur 
dioxide, with the exception of nitric oxide. This, how- 
ever, is easily converted again into a higher oxide by 
mei-e contact with tlie oxygen of the air (equation (f), 
and if more sulphur dioxide and water bo added, the 
reaction represented in equation h is repeated, and 
the process thus becomes continuous. During these 
reactions a solid crystalline compound frequently forms, 
called 'Moaden chamber crystals”; as it easily decom- 
poses on addition of water, yielding sulphuric acid 
and nitrogen trioxide, its formation does not inter- 
fere with the process. Its constitution is represexited 
hy the formula , while sulphuric acid isSOj||Q‘ 

On addition of water (or steam) the following reaction 
occurs : — 

Ix^adcn chnnihor crystftle (2 S0^2,)+W®-tcr(HjO)»Suli)lmrio 
acid CBO,{|Q)d-Niti*()j'en trioxide (NiOj). 

Apparatus for oanying ont the Frooeiiii deioribed in last 
paragraph.— Kaklng of dalphurio Acid on ths Bmall Boals, 

On the small scale all these processes may bo carried 
out (including the formation of the chamber crystals) 
by means of the apparatus represented in dg# !• 



Bqnsen lamp, nnd the sulphur dioxide produced is led 
into the flask 6, whei^e a mixture of nitre and sulphuric 
4 icid is heated so as to yield nitric acid ; the gases then 
pass into the largo globe c, where the various reactions 
take place, aided by steam obtained by boiling water 
in the flask d. The supply of air enters at the open 
mouth of the tube a, and is kept up by attaching the 
tube 0 to an aspirator. If the water in d is not 
heated at the beginning of the opeiation, the leaden 
ohamber crystals form in c, but are soon removed on 
allowing steam to pass into the globe. 

On the large scale we have an exact counterpart of 
this miniature apparatus : the globe o is xeplaoed by 
huge leaden chambers, the bulb tube a by pyrites 
burners or kilns, the flask b by iron pots containing 
nitre and sulphuric acid, the fladc d by ordinazy 
boilers, and the aspirator is represented by the chimney 
of the works, 


Hlai sr Turnaoei for Bumiag or Ozlelnixig the Fyritsi usd in 
the Making of Snlphnrio Aold. 

The pyrites used for the manufacture of sulphuric 
acid usually contains from 30 to 48 per cent, of 
sulphur, about 40 per cent, of iron, and the i^e- 
mainder is made up of silica, copper, arsenic, etc. 
It is burned in a kiln which is kept frequently 
supplied with fresh quantities of the ore, while the 
spent or ** burnt ore” is 1 ‘emoved and is usually sold 
for the sake of the copper it contains. Various forms 
of kihi are in use, but there is not much difference in 
their construction. Usually they are built of brick, 
cased with iron plates and bound with iron rods. The 
interior is lined with fire-brick, and the bed consists of 
loose fii'e-bars, while the doors and other openings are 
of iron. Fig. 2 gives a rough sketch — a diagram^ 



merely, not in any sense a working drawing (see 
the paper entitled ^*The Furnace Designer and 
Builder ”) — of the pyrites bunmr or furnace : a, «, 
are sliding doors for niti'e pots ; h, b, doors through 
which sulphur ore is admitted; o, e, sliding doors 
through whioli the ore is raked from time to time ; 
d, d, iron doors closing in fli'e-bars and ashpit. Fig. 3 



Fig. A 

is a section j s, e, nitre pots ; /, /, fire-bars on which 
sulphur ore rests ; p, flue to vitriol chambers. 

Oonnected with the pyrites kilns are small chambers 
in which iron pots containing a mixture of nitre and 
sulphuric acid are placed so as to generate nitric add, 
OhiU saltpetre (nitrate of soda) is usually employed. 
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the proper quantity of vitriol added, and the ** nitre pot ” 
thus charged is sufficiently heated by the pyrites kiln. 
The nitric add, passing off, mingles with the sulphur 
dioxide, and both gases, as well as the products of their 
reaction on each other, are led by the same flue into 
the leaden chamber. 

The Leaden Ohambere need in the Mannfootnre of Bnlphnrio 
Aold. 

The chambers are usually placed above the kilna^ 
e e, fig. 4, and the floor thus forms a roof beneath 
which such operations as the breaking up and sorting 
of the sulphur ore are conveniently conducted. On 
this floor, h h, fig- 4, sheet load (of about 10 Ih, to the 
s(|uare foot) is spread so as to cover the entire area, 
and the sides are bent up about a foot, so as to form 
a huge reservoir for tlio acid. Ahovo this reservoir 
a wooden framework is ronstriictod to support the 
w^alls and rof)f of the chainher, which are made of 
sheet lead (iiVout 5 lb. to the square foot), and fastened 



to the framework by leaden straps, soldered to the 
cliainber and nailed to the w'ockI, In this way a vast 
leaden i‘oom is constructed (sometimes having a capacity 
of 40,000 cubic feet), while the floor consists of a huge 
shallow leaden tank, as h A, fig. 4, in which the acid is 
collected and stored. The sides are not attiwhed to 
this tank, but simply hang close to the turned up 
sides, as at c, and the escape of gases from tlio chamber 
is pi-evented by the layer of acid, wdiich f(»rnis a per- 
fcK!tly tight lute. 

The gases are admitted to the chamber d fig. 4, 
from the kilns «, c, by an iron pipe g, placed rather 
more than half way up, and they ai-e led off to another 
chamber by a pipe placed low down in the chamber, 
and at a distance from the first pipe. In the second 
chamber the condensation of the acid is still further 
c;irricd on. 

The dilute acid thus produced i.s syphoned off 
into a tank from time to time (a), and needs only 
to be further concentrated by evai)oration in shallow 
pans, lined with lead. 

?OL, I. 


HIS TECHNICAL WORK. 

Saoovary of the Nitrooi Tomei created by ibe 'Prooeii of 
Bulpburio Aold ICakiiig. 

If the manufacture were conducted as already 
described, large quantities of nitrous fumes would 
pass up the chimney, and not only be lost to the 
manufacturers, but would pollute the air to an 
intolerable extent. To obviate this, Oay Lussac 
proposed to absorb these fumes with strong sulphuric 
acid, and to recover them by simply diluting this acid. 
For this purpose two towers aro employed, usually 
about fifty foet high, one called the Gtiy Lussac or 
absoi-bing column, tlie other the “Glovor ” (for this term 
seethe ** Technical Dictionary ”) or dciiiti-ating column. 
The Oay Lussixc column is made of strong shoot lead, 
and is packed with pieces of coke, over which strong 
sulphuric atad is allowed to trickle. The chamber gases 
enter at the lower poi-tion of the tower, and in passing 
upwards yield the nitrous fumes to the sulphuric .acitl, 



which is collected in a cistern at the foot of the tower, 
and is then kuowm as nitrated sulpluiric acid. A cistern 
at tliO top supplies acid of specific giuvity about l'7r>, 
and another cistern at the foot receives the nitrated 
twjid, which is afterwrirds pumped to the top of the 
Glover's tower or donitrating column, which is iiacked 
with fliiits instead of coke. Two cistoriiH, a, a (fig. 5), 
are arranged at tho top, one containing chamber acid 
and the other nitrated acid, and wlien these aro mixed 
together in tho tower, the latter parts with its niti-ous 
fumo.s. At the lower end of tho tower tho suli)hur 
dioxide is admitted direct from the [jyritos huriiors, and 
meeting tho liberated nitrous fumes, carries them away 
to the cliamber whore tho reaction i« still further de- 
veloped. At tho Hiimo time tho licai of tho gases from 
tho kilns servos to evaporate tho diluted acid, which 
is considerably strengthened by the time it reaches 
the cistern h at tho foot of tho tower; indeed, in some 
works no furiher process of conccntratio’^ m adopted. 
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THE smBIirO AHD TEE XACHIirE 
SBAnOHTBltAN. 

CHAPTEK I. 

Introduetory. 

Tp iho rojidcr will Uwu to Uio illnwtrntionfi umler 
tlio lieail of “Tlio OnianionUtl Drau^'litsman,” take 
oven but a brief ;^bineo at Ujoin, and study only 
sli^liiiy the iristruei ionK wliicdi accoiiijuiriy tlioin ; and 
if lie will turn U) ilume illuHlrations givon 

under the beinls of sueb conKtriKdJvc Biibjeets as 
Carp<?niry, Joinery^ or Mei^luiuiKin, be will readily 
w<e, as Iho result of this eoinparativo observation, 
that there is a marked and distinet difiVrence 
between the Ntyles of tlies<^, or incdbods by which 
th(7 must be drawn or d(dineatcd, and that there 
must bo als^i a diirnrence b(‘tw<H'n the primaplos 
which pui<le tlu^ practice of the ornamental und 
thosr^ whicli di< tiito the woi‘k of the building' or 
airliif<‘etiiiul and nuieliiiio or en^niusTiii^ drau^,dits' 
mati. 'J’he ornmnentai draugbtsinan in the execution 
of In's woik has notIiin|( bi depend upon but 
the accui'iicy of bis ey<^ to apprenjiate and take in 
Ibe conception of form and to estimate distan<^es 
and dimensions, ami ibo skill and dexterity of 
liis hand to ^ive position to tlie lim's and curv<^s 
niakinj^ \ip the olijwd. which he has to draw* or 
co]iy. In notice of his work has he the aid or 
lu'lp of any mechanicial appliance or inMtrument. If 
lie has a straight line to draw of a psen length, ho 
must trust to the stoudiness of his hand to draw it 
as straight ns lie can ; and to tln^ i*ye also ho has 
to ti'ust in thudiling ibe length of the lino. Bo with 
eurveil lines Im has still to trust, to his iwe ; and ontho 
faet us to whether his eye is (‘ducat ed or not depends 
tlu' circumstanee as to >vhelhi‘r he makes an accurate 
eojW or represi'iitation of the curvisl line as it i-cjilly 
is, or only tiiat widt h ho supposes it to lio. This 
(list iiu‘t ion is w-orthy of ht'ing noted hoi*o, for although 
very (‘ontrary imh'ed to tht^ popular notion which 
d(‘termim*H or supposes that if a man looks at an 
objt*et la‘ theri'ftire set's it, tin* remark of one of our 
eldest thinkers anti ohsorvers is profoundly true, that 
the (\vo only stM's what it brings the power to see. Or, 
in other wortls, the eye must be educated to see things 
properly hofoiv they can he seen aceiiratoly — not 
merely as one supf>osos that ho soos them. The 
rtMuark has its pract ical applieatitm to the work of the 
builtling and the macluno, as well os to that of the 

Vt»r althotigh, as may have lKK*n gathoml fi'om the 
brief comjiarative view wo have t'ooommondini tho 
reader t^) take, and as wdll be presently moi*© fully 
swn, the building and the iniitddne dnuightsiiinn is 
aided and guided iti his work by sjKH'ial appliances 
aitd pm'ise rules and methwis of oj>eration, it is 


quito a mistake to suppose that the education of the 
eye is not of importance practically to them both* 
This should be so trained that it can take in accurate 
conceptions of form and of distances and dimensions, 
although it may not be demanded of them that they 
should have all the manipulative dexterity of the 
ornamental dniughisinan to put the work of the 
eye on record upon p:i[)cr. Tho reader wall see, as he 
proceeds, that tliis oducwition of tho eye will bo of great 
practical value, oven to the macluno draughtsman, 
w'ho Is hut seldom c/illed upon to do any work which 
can bo dignified w'ith tlie name of ** ornamental 
drawing.” But to tho building draughtsman it is 
absolutely ossontiul, as one department of his work is 
as much purc'ly ornamental as that of tho draughts- 
man whoso sjiociality is tho dm wing and designing 
of forms piindy ornamental as w'oll as of natural or 
conventional foi’ms. 

I^iitinotion between the Work of tbe Building and Kaohine 
and that of the Ornamental Dranghtiman. 

Unlike the w'ork of tho ornamental draughtsman, 
that of the builder or anibiiei^t and the mimhinist 
or engineer, so far as w'orkiiig drawings aro con- 
c(u*ned, is perfoi’med hy tho aid of appliances and 
instruments more or less numerous. By those 
stmight lines aro drawn and curved ones doscribod 
with all accuracy and tinonoss as regards direction 
and style, and distances aro measured and trans- 
ferred and dimensions iakem and laid down on 
the paper with ahsolute pi'actical accuracy and pre- 
cision. Nothing, so far as those pointa are concenied, 
is to bo left to tho ih^eision of the eye, however aocu- 
rattdy it may bo able to do its work ; nothing to tho 
guidance of the hand only, how’ovor delicate may be 
its manipnliitive dexterity. The work is done solely 
by the use of instruments delicat.ely adjusted, and by 
appliant^os accurately const meted. 

The SpoeUl Oleii of Brewing required by the Builder or 
Kachiniit, frequently termed Xeohunieal Brewing 
Beaion why this Term ii not hero adopted. 

Hence the name of “ mechanical drawing ” has been 
given to tho w’ork of the awdiitoctural and onginooring 
draughtsman ; not wholly, or correctly viewed, because 
the work is supposed to be connected with machines 
and machineiy only. For if so, architectural work 
would be excluded, which per se has little or nothing 
to do with machines or machinery, however much 
they may be employed to aid the constructive work 
of the builder (see “The Stone Mason”). If 
^^0 term “ dmurinir ” 

a * ^ 

should be understood to convey the idea that tho 
work of tho building, machine, or engineering 
dniughtsman is performed by the aid of instru- 
ments and appliances which, in their nature and 
(construction, are purely “mechanical.” When the 
term “ mechanical drawing ” is applied, or supposed 
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to be applied, to the drawing of machinery only, 
it is far too limited* in its scope. Hence the 
reason why we prefer to use the wider tem which 
embraces the work both of the builder and machinist 
in pi‘eparing their working drawings, in which the 
principles dictating the practice ai'e common to both. 

Proposed Xodo of Treatmont of the Snbjoot. 

In presenting what instructions we have to give 
under our title, we propose to divide, so far as 
may be practicable, the work of the building 
fi*om that of the machine draughtsman, giving 
those constructions and forms which arc specially 
applicable to the pratHical work of each under separate 
chapters or divisions — preceding tliose by illustm- 
tionfl and methods or rules common to the pnu^tico 
of both. As >ve hav-o already hinted, there is, 
however, this diflcrence hot ween the practice of the 
two classes ; that whilst the work of the niacJiine or 
engineering draughtsman may bo sai<l to ))0 wholly 
done by the aid of instruments and appliances, that 
of the building or architc'ctural drauglitsinan comes 
under two classes or divisions. Ilie fii'st, of thcs<» is 
the same in princijjle os that of Die ninchino or 
engineering draughtsman, being performed by 11»ose 
appliances and instruments; the second that in which 
the principles of orimmciital diiiwing are involved, 
the work being that of design purely. It is obvious 
that with this latter class of drawing the jmwent 
series of chapters has nothing to do ; tho building 
or architectural draughtsman W'ho desires to study 
this branch of his work must go to tlm seiies of 
papers given under tho title of “Tiie Oimamental 
Draughtsman,” the instructions there given being 
strictly applicable to this department of his w’ork. 

Tb« Cop7l]ig " of Bnildittg or Arobiteotural and of 
Xaobiao or Ungineering Brawisgi. 

Haring stated this by way of explanation of 
the difference between tho two depariment^t — build- 
ing or architectural, and machine or engineering 
drawing — we now proceed to give examples of 
work in each, preceding these, as we have said, 
by explanation and illustrations of work common to 
both. In w^hat we have to give on the subject 
of our paper considei-ed os a whole, we do not pro- 
(>086 to lake up much space on the subject of mere 
‘‘copying” of drawings. What w'e give under this 
head will be puiriy elementary, and by consequence 
will be comprised in a comparatively brief series of 
sentences, and illustrated by comparatively few dia- 
grams. Nor does much rec^uire to bo said on this 
subject of copying. Once tlie general principles u|>oa 
which it is based are understood, it rests with the 
draughtsman to give that steady and patient practice 
by which alone a ready facility to copy drawings, 
however complicated, can l)e acquired. What the 
technical student requires, in as wide a variety as he 


can obtain, is a series of constructionH practically useful 
in the actual practice of anshitectural design, building 
construction, or oiigineeiing work, and in machine 
designing and making. And it should be here taken 
note of, that the more work of st»tting out those 
various pai‘is which ai’e thus of such practical value 
will constitute in itself a wide range of pnictico in 
“copying," The more the draughtsman adds to tho 
number of c<»nstnictions or pn)bUaus of tliokiiid above 
alluded to, the more readily will ho acquire the art of 
“ copying” such dniwings as may ho presented to him 
in his oflico or in the practical \vt>rk of Ids st iidy of 
the art. (See tho paper entitled “ Tlio Young Archi- 
tect or Enghicer, His Studies, Olhce Duties and 
Practical Work.’’ 

A hu-ility to copy correctly is beyond all doubt ust‘ful 
to the dranghtsmau,— in point of fact, lie cannot 
dispense with it ; hut it is a mistake to consider that 
cojtying alone constitutes the work of tho draughtsman. 

Copying of Brawlngi— ^Bomo Bemarki on the Xethodi 
by wklq}! it ii too fTei^uontly Praotiied. 

It is, however, none the less a fact that witli some 
teachers of wliat is ])()pularly called mis'liariical draw- 
ing, tho ability to copy drawings which may bo placed 
bt‘foro their pupils composes ilie whole of their 
practice, 'rhis, however, mny bc^ said to apply more 
particularly to ordinary schools, although not st‘ldom 
is tho mistiiko made to some extent in those whiidi 
claim to possess a liiglior status, as in some icchnieal 
classes or schools. 'J'lns system would not ho ho prolific 
of untoward, if not i>()sitively evil rtjsults, if the task 
of inei^e “cojiying" of the drawings allotted to pupils 
as tho one and only ft^ature of inecliaTiical dniwing 
so called was in all cases perfo»‘nu»d f)n (lorrei^t or 
common-s(5nso prin(aplos. Jhit the [uipil is hut too 
frequently sot to a drawing and told to cojiy it, and 
this he does as best he can ; and if failing to under- 
Ktand how it can be copied, the tea<iher may pracli- 
cally show him some way in which the varitms parts 
of tho drawing placed before the pupil may bo in 
some fashion or other (vijiiod. But in many castes 
what method may be shown tho pupil is in itsedf 
anything but methodical. The pupil in sucli cases is 
not able to comprehend tlie diuwing or subject as a 
whole. Of the machine, ho hiis no explanation given 
him os to what are the characteristics of tho worl. 
to be done by it, and how those chai-actcristics of 
machinal noc^ossity give Idrth, as it wore, to tho 
various partH, and il»o way in wliicli they are arraijgt»d 
in relation one another, If the pupil wore made 
to understand tins relation he might, and if of even 
avenxgo iutelligeuco ho would, bo led to se<; more or 
less clearly how tliat relation would indiwite or dictate 
to him a method of ct>pying tho drawing of the 
machine l>eforo him, which would fi’otii its common- 
sense fashion have some claim to bo considered 
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methodical. In but too many ca»e« the pupil is left 
to go blundering on, beginning at one part, and tiuit 
without any consideration as to whether that was or 
was not the right part which ho ought to begin with. 

He next Icsaves tliis part, being probably soon 
tired of wliat ho calls the sameness of tlio work, and 
urged by a desire for change goes to another and 
][>erha|)s a totally ditreront part. All relationship of 
one pai’t of the design to another part thus wholly 
vanishes, or we should rather say has had from the 
very beginning of liis work no oxistenc<i. Even 
viewing the dilferont puis which lie hikes thus in 
hand to copy as in themselves distinct coj>ies, he has 
hut t(K) seldoiii imparted to him a coiTOet notion of 
how that part should ho copii^d. Even in hut a single 
fiart, ho will just as likely «s not l>(‘giii to cojiy at a 
pdnt wliicli is tJio very last ho should start wi(h ; and 
this aiml(jss and object less way of wra-king is almost 
(jertain to bring about eri-ors. itnd an error at tlio 
til’s! starting becomes, as tbo drawing or tJoj»ying is 
proeoodtfd with, great(‘r and gi'eat.er, Jill the copy as a 
whole when said to b(' tinished is suoli that the work 
had hotter never have been aticinided, so erroneous 
is it as a whole. 'I'lie pupil, moreov(*r, having no tixed 
principle upm wJiieb lie does his work, is just as likely 
h) attain the same <uul of erroneous work in tbo 
next drawing bo is set to copy us not. And thus 
it conies about that eontinueil pnictua*, in place of 
making his work more and more jierfect, has in fact 
jirecisely tlie opposite result. It is piiictieally but 
folly for ono to have a facility in going quickly 
ovci‘ ground if the direction is ono in which ho 
ought not to go at all, 

The True Principle underlying all Good Praotioe in the 
o Copying " of Building end Machine Drawing!, 

Now, if a drawing, no matter whether it bo airliU 
tcKitural or enginooriiig, be well thought out— that is 
if tbo design bo good (and tbo remark in great mcasux’e 
applies to all drawings, oven those badly designed) — 
when closely examined, it will bo seen that its parts are 
grouped i-ound a central point; and oven when taken 
in divisions and each one considered separately, it will 
be si‘eii that it has a central point i-ound which its 
constituent piu’ts gi-oup tlitunsidves, and to which they 
aro subordinated. AVe have, in a tree, a graphic illus- 
tration of this essential truth in all drawings of c\m- 
struction. This, if weiunilyse it, is unule up of a series 
of Imumlics. Each bninch lias its oilshoots in lesser 
brunches, which again have each their oHshoots, until 
wo come to the tender twigs, almost liairliko in dimen- 
sions, and those again have their oflshoots. Wo ha^•e 
thus a sorios—and in a largo tree their number is, so 
to say, infinite or xiumberloss—of pai'ts, e^ich of which 
is dominated, to use a graphic expression, by a central 
point round which its minor members gx'oup them- 
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selves; and all those parts 81*6 again dominated by 
or subordinated to the great central point of all— 
namely, the trunk or bole of the tree. 

Now, the lesson to be learnt from what we have 
here stated should be obvious. And yet that it is not 
so, or at least that the principle which our remarks 
axid example involve has not been thought of by 
many, even by some who profess to teach mechanical 
drawing so called, is obvious enough when we con- 
sider the way in which many pupils are turned out 
from some classes as finished or educated draughts- 
men ; which a practical man, who knows what drawing 
x’Oiilly is, very soon finds out that they ai-e not — if they 
bo sent to his drawing ollice or his works. Wo have 
Saul that the lesson which our remarks carry with 
them is obvious enough. And it may bo slated in 
two sentonms, If the drawhig to bo co 2 )iod as a 
wliolo be carefully considoiod, with a view to discoi-xi 
its object, it will bo found, as wo have said, that how- 
e\ cr Humorous the groups of parts making up the 
whole, each grouj) has its oentx'ul or dominating point, 
and all ai-o dominalod by the chief or central point of 
the whole design. And furtlior — and this is the point 
HO far as the copyist is conoexmed— that if he can get 
a scri(;s of central }>ointH or linos, and the exact posi- 
tion of those on the paper on whudi ho is to make his 
copy be found, ho is likely to copy his drawhig with 
greater accuracy than if ho begins at any single point 
and goes floundering on as best he can to find other 
points in I’clation to the first. Tiie {X)sition of the 
ceniml lines in theonginal being clearly and decidedly 
deli nod, by uccui’atoly adjusting them axid tninsfexTing 
tlu*m to Ins own paper oxi which the copy is to bo 
made, the draughtsman has not only a series of lines 
— branches, so to say, going buck to our example of a 
tx'oe— froxn which ho can measure the distances of its 
Huboi’dinato parts, but they afford a series of datum 
or leading lines, by which he can test the accui-acy 
of their position in x'elation not only to ono anotliex*, 
but to the great conti-al lino of the whole design — the 
bole or trunk of tho tree in the example we have 
taken to illustmte this essential prxiidple of di-awiiig 
and copying. How tliis central-line princi])lo is 
applietl to and caiTied out in not merely the copying 
but tho dosigxiing of architectural and engineering 
subjects will be seen us we proceed. 

The Initrumenti and Applinnoei nied by the Building 
ind Machine Draughtiman. 

Ijcssons and examples connected with what is so 
often called mechanical diawing— a term so loose and 
vague that we have, as ali^^ady explained, deterxnined 
not to adopt it in our {laper — are generally px’eoeded 
by desexiptions and Dlustrutions of the vaxioiis kinds 
of instnuiients employed in the work of diawing, 
whether that be of merely copying or of designing. 
This we do not consider necessaiy to give here. 
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TEE OSAZIEB AED CATTLE BEESSBB AED 
PSEDBK. 

The Technical Poihtb connected v’rrn the Varieties or 
Breeds op Cattle— Their Breeding, Hearing, Feed- 
ing, AND General Management for the Troduction 
OK Butchers’ Meat and of Dairy Produce. 

CHAPTER IL 

At the concliiaion of the first chapter, we 
that increased national prosperity had increased tl)0 
demand for farm produce ; this obtained to siitdi an 
extent, that the same principle of subdivision of 
labour and of commercial and trade interests wbicli 
led to tlie soveninoe of what formed special and 
distinct trades in otlier bmnclies of in<lustry into two 
or more divisions, each of wliich in turn pive rise 
lo a new trade, led also to the subdivision of t)io 
special, and for a long time the single woi*k of tlio 
farmer into several bmnehes. No doubt, circum- 
stances of locality, soil, and climate in cours<» of tinjo 
dictated also this subdivision ; but the general r«‘sult 
is that now wo have farming pnictically <*ai*ric‘d on 
under separate classes. Wo thus have the slu'ep 
fanner, the dairy farmer, the town or suburban 
fanner ; tind lastly, not to go into otb(‘r finer sub* 
divisions, and cognate to our present remarks, tlie 
breedt^r and feeder of live stock desigiuMl for ibo 
butcher — in otlu*r woi’ds, the gmzier. Tlio details 
connected with what may be termed general farming 
will all be found treattal of in the series of papers 
entitled **Tbe Farmer as a Technical Workman,” while 
tlioso connecited with the last named of lli(^m, ** TJio 
Grazier,” will be taken up in the present sca’ics, the 
reason for giving separatti place to whicli in our ]»agC8 
will, wo trust, be now obvious to the render. 

The Three CUiiei of Live Btooh bied, reared and fattened for 
the Prodnotion of Bnteheri’ Meat— Fattening Cattle— The 
British pre*eminentl7 the Best Breeders of Cattle. 

Of tlui three classes of farm live stock, bred and 
roared for the butcher or as producers of what is 
known as animal food or butchers' moat, the 
fattening cattle, sheep and pigs, the first-nairu'd 
ranks highest in practical importanctj, and takes the 
first place in the estimation and the work of the 
giuzier. Tt is almost impo.ssible to cxagg(‘mto the 
importance of the work done by the grazier (tlnis 
to lie treated of as a separate branch of the work 
of the British farmer) in increasing the value of 
brooding and feeding cattle. In tlie production of 
mere numl^ers or large herds of stock" — which 
name, by the w-ay, is almost universally understood 
to apply to cattle only — our farmers are of course 
excelled by those of other countries, with their vast 
extent of grazing or ft^eding gi-ounds, as on the 
continents of Europe and America. But for the 
ex<«llence of our breeds, which embrace every point 


which constitutes the value of fattening animals, the 
British grazier stands alone. Beginning, in the early 
days of the work of the gi'azier, with animals of 
the poorest kind, by a close study of their pliysical 
characteristics, and of the natural laws which regu- 
late what is called “ breeding," ho has succeeded in 
raising classes of stock which in tlieir capacity to 
increase in hulk, and fatten in the minimum of time 
with the minimum of food, are excel]e<l by no bivods 
of cattle ill tlie world. Thi'ir oxcclloiico is such that 
they are eagerly sought for by the breeders and 
rearers of cuttle all over the w'orld. And such is 
the reputation tliey Inxvo universally obtained, that 
prices are given gladly wbieb some of our renders 
who come now to the subject will deem fabulous. 
Of nil our brt'ods, that known ns the “ .*sli or thorn " 
takes tbo higliest rank, and animals of the purest 
blood have b(*en sent tr> all ])iir(s of tlio w<uld to 
improve the indigenous brenls of various count I'ios. 
AVitli this ernl in view, and witli n just eslimatoof 
their value, it is no uncommon thing to read that 
Mieli nnd such a breeder in soim^ fona'gn land, or in 
our own colonies, ns (Simula or Australia, lias given 
for a single animal one tlioiisiind, two thousand, and 
even so high a sum as three thousand five liundnul 
guineas— in trnib, in a few eases sums mneli higher 
than this, Tliis stat(‘im‘nt alone will give to the 
novieiato in grazing as a teelmieal calling some 
conception of tlie important work done in tho way 
of improving the bn‘ed of ovir native cal tie by 
British farmcj'S. 

The High Position of British Cattle Brooding ono of the 
Beasons stated why Fanners should dovote thomsolves to 
Grazing. 

]t is ill view, irideiMl, of wdiat they have done, 
and of tlie peculiar and highly valuable ehaijicteristies 
■wliiidi our land and climati* possess for t li(» j>urpos«‘s 
of tbo trade*, that th(^ most practical ami the most 
mlvanced in waenec? (»f our agricultural authorities 
strongly urge upon Bi’itisli faiamu’s the importance 
of making the breeding ami rearing of stock"- — or 
cattle— the cliief work of Jiritisli farming, Tliey 
irnuntuin that, taking into consid<*ration tlie umMirtain 
character of our climate, the fact that our liighest 
normal teinj>emti:ro is much below wliat is required 
for tho wlieat croji to l>e grown in ]»erfr‘et ion for the 
purposes of “The Corn Miller" (wliicdi s(‘e), in tlie 
pro<luction of flour for bread -nia ki ng ; and in view, 
monm’er, of tho porliafxs most pot.<*nt influence- that of 
the competition of otlier and more favouroil couijtri**s 
— corn growing, or wliat is known chiefly as **ai'ahle 
cultui'o," is not, and will never be, a trfulo wbidi will 
give the highest return for tho lowtjst outlay ; and 
that what tho British farmer has only to look to 
for his living in the future is tho brooding and 
roaring of stock. In this position tboso advanced 



THE GRAZIER AND CATTLE BREEDER AND FEEDER, 


authorities above alluded to maintain lies our chief 
power in making farming or grazing, in other words 
ciiltivatod land, pay. And they point out two direc- 
tions in which this will be brought about. First, that 
as mere bi'eeders of improved stock for the supply 
of other (souninos, there is a largo and a paying trade 
to bo done, wliicli will last for a long course of years, 
Tlio second diroetion i«, however, the more important 
— namely, the ever-incrcjasing deniand for flesh meat 
by our own peoj)le, and for which they pay, and havo 
for years, in<leod, pai«l, prices which should be ro- 
iiinnenitivo to tlio grazier a»»(l breeder and faiiener 
of sl»(K!k. In our remarks in a preceding paragraph 
wo have rofeiTod to the great question which lias 
thus ariH<m of late years for discussion— namely, that 
coiinectod with tlio conversion of corn-growing lands 
into graas lands iijion which a larg(?r number of cattlo 
ca.n in ibo future bo reared than has becai the practice 
of the past, Tlioro are those, liow(<vor, who, in con- 
sitlcring this important question, overlook certain facts 
of grave import wliich will in many localities decide 
the question os against this ])iop()sal of an almost 
universal oharigo of corn -growing into grass* growing 
land, or, as it has beoti very generally put by iho 
juiblio press, the doing away with amblo for what 
they (‘all gniss-land culture. And on© practical 
deduction has Ih'ou singularly overlooked by many; 
and this is, that even should corn-growing be so 
widtdy given over by our fanners as to (‘onstituto it 
a thing of the [lasi, it do<'s not follow that the work 
of tile amhh, farmer will be no longer required. 

Somo Practical Oonsiderationi affecting the Qnoition of Oraee- 
ai againit Corn growing Landi - Popular Hieooneeption aa 
to the True Veaning of the term “Arable Land’’ -An 
Xnoreaie of Arabic Cultnre in roality a Keooeiity of an 
Increaie in Cattle Brooding and Fattening oonduoted on 
the Mo»t Advanced Frinoiploe of Agrioultnral Seience. 

In other words, arable culture is not eontined to the 
growing of corn, which somo seem to think it is, for 
they talk asthougli if corn-growing wore given up there 
would be no need for the plough in our cultivation 
(see the pa|u‘r entitle<l “'Ihi' Agricultural Iniploiuent 
Maker"), but that - ami that ms a eonswjueiico — all 
land would bo under grass. Wo Jiavo elsewhere, 
in a chapter in the paper entitled ‘‘Tim FarineiV* 
staUnl certain fsots which show how utterly erro- 
neous this view of the matter Ls, Thei'O are many 
circu instances wdiicli greatly nrtt'ct this so-much- 
talked-of change. It is very easy for outsiders W’ho 
ni-e really not acHpiaintcd with tlio faeta of th© ctise 
to advise faiiuora to devote themselves to stot^k 
farming — to become, in fact, wliat is known as 
gniziera, and to go in for fatting cattle as a trade. 
But what if thei*e bo no stock to fatten t This 
paradoxical, yet often common -senate way of putting 
the point, does not seem to have struck many os a 


thoroughly practical one. But it is so nevertheless. 
For while the conversion of corn-growing into gross 
land has been steadily increasing of late, it is a some- 
what suggestive, and in many respects by no means a 
reassuring fact, that there has been little increase in 
the number of our fattening stock, while in sheep 
there has of late been a positive and a large decrease. 
This, then, points beyond all doubt to the important 
pmctical conclusion that our graziers must breed and 
rear more extensively, in order to bring on stock 
for fattening for the butcher. But this must of 
necessity bo a work of time, which will of itself 
render the realisation of the hopes or wishes of 
those who go in for grazing as the work of the 
farmer of the future very tardy. Another point 
affecting this is also often overlooked — namely, the 
fjict that the conversion of corn-growing into grass 
land is not only r costly, but it is a slow process — in 
many cases a very slow one. On this point the 
reader will find ample notes in the chapter on “ The 
Farmer** above rtiferred to. Further, as affecting 
this so-ofteu-talkod-of system of doing away with 
arable culture, let it l)e understood — what by many 
is not known, or if known, for one reason or another 
kept out of sight— tliat though there is much laud 
existing unfitted for the purposes of pasture or 
nuMidow, there are crops to be raised other than that 
of corn. And, in fact, tlicse crops are req\ured for 
the purposes of cattle-roaring and fattening, the very 
t rade w’hich, in its proposed extended condition, is to 
do away — so say many — with all arable culture. Wo 
are of those w’ho believe, on the contrary, that so far 
as arable culture is coiicerncHl, a truer, because more 
witmtific conception of wliat cattlc-fceding really is, 
will Inung about a still wider and more extended 
sysfem of amble culture— ()r crop onlture^io 

give it its moi*© specific and more easily and popu- 
larly understood definition. Wo havo yet to learn 
that it is not merely to grass lands yielding pasture or 
j)ix)ducing hay, as the sources of cattlo food, that the 
British cattle-breeder has chiefly to look. On the con- 
trary, the time will come — is, indeed, mpidly advancing 
— when a more Muentifio system of feeding wmU be 
adoptcil, and which in placie of lessening will gi*©atly 
increase the number of the crops to be raised by th© 
amble farmer. So far, then, from an increase in 
cattlo breeding and rearing — in which, according to 
many, the futum of British farming is to lie — doing 
away with the work of the plough and the cultivator, 
it will vastly increase it, and make cultivating (that 
is, ai'able) implements and machines even more useful 
in the future than they have been in the past of 
British farming. How this is likely to oome about, 
we shall see as we proceed to consider the practical 
points connected with the production of meat produce 
^that is, the breeding, rearing, and fee^g of 
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fattening cattle. These we propose to oonfdder 
under three general heads— first, the ** Principles of 
Breeding,” second, the Foods used in Feeding,” and 
third, the “General Management of Bi'eeding and 
IiVittening Stock.” First, then, as to the principles 
of breeding. 

Prindplai of Brooding— fattening Cattle or Btoek, 

Although the principles of breeding are tlie same 
in the different classes of stock, the object diiwtly 
in view differs according to cii'ouinstances. Thus, in 
the case of oxen or fattening stock, which are de^ 
signed when matured for the butcher to be slaughtered 
for food, the object in view is difierent fi'om that held 
in the case of dairy cows. In the case of fattening 
stock it is the aim of the breeder to have animals 
which will fatten in the quickest time on the least 
amount of food. Where daiiy cows arc concerned, 
the primary object of the breeder is to give to the 
animals all those physiological peculiaiities which are 
known from experience to yield largo supplies of milk> 
and tliitK of the richest character, from a consumption 
of the minimum supply of food. The sec^mdary 
object is to have such a capacity in the animal 
that it shall keep in good condition during the 
period the cow is giving milk, or fatten quickly 
when it is no longer used for dairy purposes, but 
“dried oft’” and set aside to bo prepared for the 
butcher. In tlio case of sbeep and pigs the primary 
object in both— indeed, the only object in tlu5 ease of 
the latter— is to bnujd an animal which will give tbo 
quickest return of meat or flesh for tlie smulleKt 
amount of food; a secondary obj(‘ct in the caso of 
the sheep being points conueelA!d with tlm quantity 
and quality of the wool. But in till those special 
cases, the general principle uj)on wliicli cfVeclivo 
breeding depends is the same, and this we shall 
explain chiefly in connection with the breeding of 
fattening cattle, 

Tht ProdaotloB of Bateher Heat. —Coaver lion of VogeUblo 
into Animal Tiiiae or Blaih. 

What Ls called “ butcher ineiit ” may ho considered 
popularly— although in one sense itjs also strictly 
Bcienti Acidly true — as the “essence” or the feeding 
constituents of the vegetable substuiices upon which 
the oxen or fattening cattle live. The result of 
the procoas of feeding of the animals is the con- 
version of vegetable into the animal tissues which 
we call “ flesh ” or butcher meat. The food of man 
himself is to a large extent made up of vegcftable 
Bubfstances — broad, for example, the gimt staple of 
his food siilwtanoes — but the majority of those which 
are more strictly and popularly known as “ vegetables” 
differ considerably in character from the vegetables 
which form the food upon which farm live stock are 


fed. Time grass, as afforded by the pasture field, 
or in the aHifioially dried form of meailow grass 
known as hay, may \)e mud to he the staple food 
of cattle. This grass, although in the aiivanced prac- 
tice of modern stoi'k manjigernont supplemented by a 
variety of substances, such ns turnips, oil cake, and 
various seed products — e,g.f beans and pease, and 
Indian corn meal, etc., etc. — may ' l>o therefore taken 
ns the typical or njiturul food of our fattening 
cattle. All those are purely vegotablo, and all 
are partaken of by tlie catilo in a crude or the 
natural form as a rule, altbongb in modern cattle- 
feeding cooking forms a ]>jirt ol‘ some of tbo systems 
iiiti'oductHl. Apart altog(*ih(a‘, therefore, frt>iu con- 
sidemtions connected with tlu^ (pii^stion of whethor a 
vegetable, or a moat or flosli diet or a combinat ion of 
l>oth — is best for man, we know that bo luis a liking, 
which may l>o wvid to bo iiniversjil, for animal or flesh 
food. In the strict sense of tlio t*<M’in, then, an ox 
or a fattening daii-y cow may ho said to bo simply a 
vchi(*lo by which (pertain pi’ooi^sses cjiu Ih.> carried on 
for converting vc^getablo substamies — sotuo of which 
man, in his civilized cotidition do(^s not or cannot 
cat — into an animal subst.aneo which, known as 
butchta* meat or fiesb, bo «ui eat, luul cwits with 
relish, in one or other oi its eooktsl forms. ITonco 
the ox has betai said to be a machine for manu- 
fnet,\iring flesh ment out of v(‘.g(^livble stll^Htan(^es ; and 
as those arc, as wo have sccj>, what man could not 
himself use, tbo fattening of oxen may be said to bu 
a moans of utilising substances which, so far as ho is 
oouoerned, w’ould be but waste or useless. 

Object of the Cattle Breeder. ^ The Ooiokoit Converilou by 
the Animal of the Smalleit Weight of Vegetable Food 
into the Lorgeit Weight of Fleih. 

Looking, tlion, upon an ox as a vehii^lo by moans 
of wliich wij pass (rrudo forios of vcgctahlo snbstjincos 
tl»rough a pt‘ 0 (A?ss or rat-hor ]>r(»cossoH wliicli change 
them into the ti.ssu(}s of ariimal flt^sh, th(? r»hjcot of 
the breeder is t(* got: an animal whi<^h will foi* a given 
weight in bulk of vegetable food yield tho largest 
weight of flesh tissue ; and this iioxsossing tlio rich, 
juicy and tender qualities whkili — f<^g<^th(^r with a 
fine colour and flavour— make up the cliariicUa'istics 
of the high quality of “ im»ai ” which man, in his 
modern civilized comlition, demands. Now, obstirva- 
tion, esarried on closely and for a long courwj of 
years, has shown that wliiie some animals give tho 
largest amount of flesh for the smallest consumption 
of ffs)d suljstances, and give also this flesli witli the 
qualities so much desired in but(;licr im^at, th(.TO 
are certain pcxailiar characteristics in the physical 
structure of the animal which are more or lew, 
and in some cases almost wholly, nUent in other 
animals. 
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6. The Matoriali of which Uachitie Belt! are made. 

Ur io williifi a iwoni y/oriod tlio matcriiil (‘xclusivt^ly 
nsrd was I<^r^t}l(T; nnd it is still t^nsidorod by tlio 
p‘ont innjorityof incclianics tliobosfc to use, nliliongb 
it lins iiiMfiy rivals now Id D(>i)ij)(‘to with it, Of tlioso 
now matorials, pribaps that whicli has mot with the 
yrroatosf. suroo.s.s is that of viilcaiiizod ind in rubber, 
lint a inindi wider variety of nniteri/ils Imve been 1ri(‘d, 
and wi<h varying snccoss, than the two here named. 
Fla.Y, wool and eotfon havt^ lu'en employed, and belts 
of the Ijiffer siihstanee are now used in the largest 
mills, jind of a great width. Paper has oven heoji intro- 
dnoiMl as artinaitn'ial for belting; ibo best linen rags 
being emjdoyod in the pivyianitioii of the pulj). Belt- 
ing, moreover, lias not hecn con lined to the use of one 
material in its inanufaet.ure : eonipnund Isdls liavc 
been m/nh^ with difh'rent and njiparently ineongnums 
materials, sneli as leatluT, and st(*el or iron. Iron 
itself has even been usial, and wdth apparent sueecss, 
Coiiiponml belts of t(*xti)o substjinees, such as cotton, 
flax and w'ool, with indiarnliher, gutta^yiercha and 
gums lijivo b(Hm also made, nnd some of those coin- 
l)imdions havij given goisl results. What is called 
“Union” belling is u combination of leather and 
cotton, the cotton bt'iiig coniux?ted betw'eon and to the 
surface's of two correspondingly broad strij)s of loatb<»r. 
In the case of leather belts, the liido or skin is invari- 
ably tanned in the best Mamy)los oak-bark tanned— 
the bides being of the very lu'st quality. But raw’ 
hides or uiiUnned - that is, simply air- or sun-dried 
hi(h's or skins liave also been employed in belting, 
and with decided success wlum skilfully used, In the 
earlier juu-iods of maebino omploymont, bolts wore ns 
a rule very i\arro\v, varying from narrow’ strips — to 
w hieli t he name of “ Rtray>s ” w’os more or less correctly 
applied— of an inch or leas in width, up to four, five, 
or six inches, the last-named width being about the 
maximum, But as machines were applied to a wider 
I’ango of work, which required greater and gi’eater 
power to drive tliem, the w’idth of belting increased 
in like proywtion. And now’ that pow’cr fi-om prime 
movers is taken olF dirwtly by belts, to the exclusion 
jf the older system of toothed-wheel gearing, w‘e Lave 
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belts of a width up even to five or six feet and over — 
breadths which moclmnics of the last generation or 
two would not have believed it possible to be made, 
if indeed they would have deemed them at all likely 
ever to be required. This has introduced many new 
features in the practical art of belt designing and 
making. Many of tlio.so have boon tho subjects 
of ywit.entw; and tlie inexperienced render would 
bo surprised if he were made acquainted with the 
wide variety of moUiods introduced, and the large 
industry, employing many hands and reqiiii-ing 
mucJi caj/itnl, wliicli the machine bolting manu- 
facture ha.s giv(‘n lisc to, Occasion may be had 
luMCJiftcr, in this series or otherwise in the text, 
to notice some of the most successful systems of 
producing belts of great widtli and of corresponding 
lbit;kne.sK, which may be designiited as “built belts," 
demanded by the niquiremonts of modem belt gearing. 
Tn a succeeding “ Note ” we shall give some results 
of experiments nmdo to define the relative driving 
values of belts of various materials as compared with 
the best made leather belts, 

7. The New Btanaard Wire and Hetal Oange— The “ Biming- 
ham*’ and the “Lanoaehire'* Wire Oangei — Various 
Technical and Oonetmetive Points connected with the 
Babjoot of Practical Interest to tho Engineer and 
Maebiniit. 

It may not be known to all our readers that on 
the first day of March last a now wire gauge came 
in force, to be afior that date a Board of Trade or 
legal “ standai-d ” under the Act. TJio omplo}Tnent 
of this is so far compulsory that contracts or bargains 
only which refer to and use the new gauge can l>e 
cnfoived legally — that is, law-suits compelling to the 
t'nfovccmcnt of bargains or contracts can only be 
maintained w’hcn the now gauge Is used by tho parties 
contacting. That the old gauges will be used largely, 
just as weights and measures in great variety are used 
in markets throughout the country, notwithstanding 
that wo have.legul or Act of Parliament “ Imjterial” 
st.andard weights and measures, there is no doubt. 
The Board of Trade, indeed, foi’oseeing this, ask foi 
the co-opowUion of the local authorities throughout 
the kingdom to give it every publicity in their re- 
spective districts, so that by “the common adoption 
in manufacture and tn^de of a uniform gauge, the 
annoyance and loss occasioned by the present variety 
of sizes in use, of which complaint has been made, 
may no longer arise." This getting rid of a number 
of so-called “ standards " or gauges, and having but 
one, and that issued by the highest legal authority, an 
Act of Parliament, to which all could refer and which all 
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could use, is the object aimed at by this new standard. 
But althoujirh the Board of Trade Standard Gauge for 
Wire and Metals has l)oen arranged by liigh scientific 
authority, after consultation with the “ various 
institutions, local authorities, manufacturers and 
others practically interested in the use of wire gauges/* 
it wf)uld seem by some to be doubted whether after 
all n standard based on a truly scientific or accurati^ 
principle has been attained by this now one. Many, 
indeed, join issue with those who support it, and 
believe that, in the words of one authority qualified 
to give an opinion on the subject-, the Boanl of Tiudo 
have **aclded to " rather than ” diminished’* the iiTogu- 
lariiios attending the whole system of metal gauges. 
How far this allegation is truo remains to bo seen ; 
meanwhile we have to deal with the fju^t that thoro is 
now a stnn<lard wire and metal gauge to wliich all 
C4in refer as one having the legal status whieli an Act 
of Parliament— pei'niissive in one sense though it he 
confers. As to liaving a standard which would ho fol- 
lowed by all, no argument is ri^quinul toshowtIicgr(*nt 
advantages of it; the practieal diflieulty is, however, to 
got universiil assent to it. Ro long as the innttor is l<‘fl- 
open, so long will it l>e found in |irac?tice that while 
some will gladly accept, others will r<»fuso it. While so 
marked is the influenee of prejudice or long continued 
usage in all matters of trade or innnufiK^tures, tliat it 
may be looked upon as a settled matter that a larger 
number of those using metals will continue to use 
the old or 01‘dinary gauge, of which tliat known as 
the ** Birmingham Wire (hiugo ” is the one which 
luis hitherto been almost the only one in use — that 
known ns the “ Lancashii'O *' being, as its name might 
indicate, chiefly in that county, although even 

there the llinningham has exercised the widest sw-ay. 
We have prepared a table showing the relative 
measurement-s of the three g*uigos — the Board of 
Tmdo Standard, tlio Birmingham, and the Lanca- 
shire. It will be observed that wliat may bo called 
the “legal standard,” the first of Ihose, retains the 
nomenclature, or rather the “numbers/* used in the 
Birmingham Wire Gauge. Those have l^een so long 
ostaldishcsl, and have taken such hold of the mechanical 
mind — or rather, as we should say, tlio minds of 
mechanicfl — that it would liavo l>een useless to linvo 
attempted to substitute new names or “ numlicrs ** for 
the diflerent sizes. The subject of metal gauges is 
one which embraces so nmny features of technical and 
practical interest, and has engaged the attention of 
so many scientific men, that we shall be well repai'l 
by directing attention to them. Although wo made 
the present series of notes much more extensive than 
the scope of this department of our work permits, 
we could not embrace even a brief notice of all 
which has been made known in connection with it . 
We hope, however, to drew together from a wide 
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variety of sources a few notes which will bo interesting 
as well as of practical service to our renders, nnd 
which under this section will bo given from time to 
time. 
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8. Btsiemer Steel CMtingi. 

So very remarkable has l)een the success of tlie 
Bessemer process of steel making — such a complete 
revolution has it brought about in certain methods of 
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working in the iron trade ” — ^to uee here the generic 
term— «nd eo brilliant has been its commercial success, 
creating fortunes, and making men ''rich beyond 
the dreams of avarice " j and so frequently have its 
triumphs been recorded in the pages of the public 
journals, that there must be very few even indirectly 
connected witli technical trades and industry who 
have not some uc(|uaintanco with the general features 
of IhiM remarkiible process, For those who desire to 
know fully the principle upon which it is based, and 
the details of its practice, wo name the paper given in 
the text, “The Steel Maker,'^ as one which will afford 
full information on those points. 

Complete oh has been the revolution in certain 
oullots for the use of stool which the IJosscinor 
prcKiosB has o fleeted, and enormous as are the bulks 
of this new n»etal which have been made by it, 
some of our readers will no doubt he surprised to 
learn that notwithstanclirjg this its uses are very 
limited. So limitcMl that it may almost bo said that 
it is only in one department of constT'nclion that it 
is used, is in the making of steel “ r/iils as 

snhsiitutos for tlie wrought ii'on or malleable iron 
rails so long uso<l exclusively, and still largely used, 
by luilway engineers. Ko doubt it is uwd, and even 
in one sense very largely, for other depirtmcnts of 
coiistruotion, as in ship building, beam and girder 
work, bridge work, etc., etc. But largo relatively as is 
tlu^ weight of Bessemer ste<d imtde for those purposes, 
so small is this as comjiared with tbo weight other- 
wise used for rails, that ja’actically many have come to 
look upon “ Bessemer steel’' and “ rail sfeel ” as synony- 
inous terms. So inucli is this tlu? casi^ that, to quote 
the words of an authority, “there does sometimes 
appear t^o 1 k> a danger of this sjih'iulid iiiaterial being 
negliH'teil for other jiurjioses, and its use for mils 
ht‘(H)ming its ultimate destiny." 

As our readers who have a knowledge of the iron 
tnvdo know, cast iron was at one period exclusively 
used for all kinds of constructive work — framing of 
all kinds, beams and bridge W'ork in all its varieties 
being mado only of it. In process of time, os the 
miuiufnctui'e impi'oveil and the attention of engineers 
W'as directed to it, wi*ought or malh^blo iron dis- 
pkiying such marked advantages over the older 
material, was gradually substituted for it, till at last 
east ii'on as a constructive material, in w'orks of the 
alK)ve-named cIohscs, had practically wholly disap- 
peared. And now a similar process of the disjilace- 
ment of one material by another is going on— has 
for some consiilerahle time been going on — in which 
Bessemer steel is taking the place of wrought iron. 
Borne engineers, indtH^d, do not admit that the metal 
made by the new process is a steel at all, but only a 
very superior form of wrought irou. Even generdly 
it is designated as “ mild steel," as distinguishing it 


from the older, and what may be called the established 
forms of steel, known as crucible or “ca;St steel,” to 
which many insist that the name “ steel ” has^along 
with the other form known as "blistered” — alone 
the right to be given. With this merely passing allu- 
sion to a controversy which has long been carried on 
by practical metallurgists, we proceed to remark that 
this substitution of Bessemer or mild stool for wrought 
iron in the numerous classes of construction for 
which the latter was exclusively employed for a long 
poiiod, together with its use for rail making, would 
seem to be the limit which is generally placed upon 
the employment of the new metal. 

In those limited directions the characteristic 
manufacturing feature of the mild steel is that it is 
rolled or forged in the same manner as wrought iron. 
This offers a marked contrast to the manufacturing 
characteristic of crucible steel, wliich admits of an 
endless variety of form being given to articles made 
to it, which could not be given to mild steel by 
treating it in the same manner as wrought iron. 
Many of oia* readers will be aware of the remarkable 
class or classes of work done of late in the casting of 
bodies used in a wide variety of constructive work 
in crucible steel, Siemens’ “ open-hearth ” (see " The 
Steel Maker ” in text for a description of this), 
Krupp, and other kinds of steel. But although 
work to some extent has been done in tbo way of 
forming bodies of BesFemor steel by the process of 
" casting,” and altliongh the work done has been 
eminently salisfacrtory, still it cannot l)o said that it 
is a generally accepted truth, that all the advantages 
obtained by the system of casting — which gave, and 
still gives, the value to cast or ordinary pig inm — can 
bo obtained in the oiiso of the Bessemer steel. There 
are some, however, who do believe, as the result of their 
prairtical expia-ifmce with Bessemer mild steel castings, 
that just as cast iron for a wide variety of constructive 
woi'k was displac'd by wrought iron— and as this 
latt<er material is largely displaced now, and is likely 
still more completely to bo so, by Bessemer mild 
steel manufactured by the process the same in 
principle as that usoii for wrought iron, so will 
cast iron os a material for moulding, with all its 
advantages as such, l>e displaced by Bessemer mild 
stt^el cast or moulde<l, not wnmgbt or rolled. 

All new methods or systems are mot with a variety 
of objections, and difficulties not a feyr are either 
oxpenencod or are stated to exist detracting from 
the utility of the new methods. This use of Bessemer 
mild steel as a casting materia] is no exception to 
this general rule. Brought to the front only recently, 
it has already clust'Cred round it a number of opinions 
and conjectures wdiicli give a high degree of practical 
interest to the question. The fact that very great 
advantages would result from a system of forming 
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the various objects used in constniotion^ and now 
made of wrought iron^ by the process of casting, 
as carried out in the case of pig or cast iron, no 
one disputes. The point disputed is that objects 
so oast are either positively or likely to be un* 
sound, and therefore not to be trusted in construction 
where absolute soundness is essential. And this dif- 
ficulty is based on the fact, which is also disputed 
by no one, that Bessemer mild steel as ordinarily 
manufactured is so far from l)oing a homogonoous 
iQetal — that is, of equal character throughout its 
XQass — that the opposite character, or that of a 
honeycombed “ l)ody, is the feature of the metal. 
On all sides the exiatonco of blow-holos ” in 
Bessemer mild steel is recognized as ite character- 
istic, and is of course doplored by all. That this 
great evil can be got rid of is assorted by some, and 
by others it is maintained that by careful manu- 
factiu’e it can be altogother prevented. On thoso 
two points much information of a very interesting 
becaiiso thoroughly pniclical eliaraotcr, affecting 
closely the future of Bessemer mild ste(?l as a con- 
structive material, iipplicfiblo to a wider variety of 
purposes than it has liitJierto been applied to, has 
recently been made public, To a bri(d' resume of this 
wo intend to devote a few notes in succeeding 
Supplementary Sections of tlie Tkciinical Jouunal. 

9. Utilitation of Waite Soap. 

In the woollen industries n largo amount of soap 
is used for wasliing and milling. Tlio goods aro 
i*epoatedly run through a sti^ong solution of soap, an<l 
pressed V>etween rollers after each emersion. After 
II time tho soapsuds bminio dirty and unfit for 
further use, and aro run off as waste. During tho 
process the soup naiiovcs tho grease and other dirt 
adhering to tho fibre ; but tho fat— the most 
valuable part of tho soap — is in no way altered, and 
if collected and properly washed w’ould bo fit for 
manufacturing into soap once more. The recovery of 
this fat is a problem of no small financial importance 
to firms which use hundreds of pounds’ worth of soap 
every month, Tho following method is adopted in 
many places in this country and the Continent. Tho 
waste wash-water is run int^) largo tanks, and either 
vitriol (sulphuric acid), or in place of this spirit of 
salt or muriatic acid (hydrochloric acid) is added, 
with stirring, until the liquid turns blue litmus 
distinctly rod. The acid combines with the alkali of 
the soap and precipitates the fat, which being lighter 
than water, on standing several hours, completely 
rises to the surface, bringing with it other impurities, 
short fibres, etc., and the heavy mechanical impurities, 
sand, otc., sink to the bottom. Tlie aqueous layer is 
run ofi*, and the impure semi fiuid fat remaining in the 


tank is pumped into press filters, and the water yet 
retained in admixture with it is pressed out. The 
residuum is now ti'onsferred into canvas sacks and 
placed in hot presses, an oily liquid of fatty acids is 
pressed out, the impurities remaining in tho sacks. 
The fatty acids thus obtained ai^ run into the soap 
chaldrons for conversion into soap. This is efTocted 
by the simple addition of carlnmato of soda, with boat 
and agitation, until neutral. Tlio mass is kept boiling 
during tho union of the alkali and fatty acid, in order 
to facilitate combination and to otrect the escape of 
tho carbonic acid wdiii^h is o\*olved, A good soap of 
a bi-own colour is obtained, fitted again for use by 
the ^vool-scourcr. A pure white soap may he obtainewl 
from tho fatty acids if they are first distilled with 
steam, which yields pure wdiito fatty acids. Tho resi- 
duum left in the sacks in tlic^ filter proc^ess may bo 
used as manure, as it contains a considei'ablo i>ropor- 
tion of iiitrog(sn (s (‘0 the Prize Scheme of tlie TeoiI' 
NiOAn Journal for a pi'i/o oUbred in connection 
w'ilh the general subjtx't of the Utilization of Waste 
Prodticts). 

10. Data uieful in Mechanical Oalcnlationi and making out 
Estimatei for Work. 

The W(‘ight in pounds of dillercnt: metals used in 
construction j)cr “ sipiare foot ” of varying ibickm*sscs, 
stated in sixlct^nlbs of an inch, beginning with 1 and 
rising by 2. fVrv/ /nm: =s lb., 7*011, 

^«, = n-7i, = itH0, M = iir)-7H, 

{;} =s IJO-IO, ] Jr: 05*15 lb, Tbo thicknesses int(‘r- 
inediate, giving ilio eight bs of an imb, may be fouial 
by multiplying tlu^ weiglitof the Itjth by 2 : ilius the 
siwiai-eightlis will be fimrteen times this. ’J'iio weights 
due to Urn ihickiKtsscfs stated in tlie or<ler above of tli(» 
other metals are as follows, la^ginniiig with Wi^oufjht 
Iron: 2'52, 7*57, 12*0:*, 10*40, 21-00, 25*7.3,30*40, 
35*15. Stud: 2-55, 7*05, 12*70, 17*H(;, 22*00,28*07, 
33*17, 38*28. Drnss : 2*73, 8*21), 13*07, 10*14, J14*C0, 
30*07, 35*54, 41*01. ; 2*80, 8*07, 14*45, 

20*23, 20*01, 31*70, 37*57, 43*35. 

11. Bnle to aioertain the Weight per gquare Foot of Cait 
Iron Flatei of given Thickneiioi. 

Take tho thickness in indues or in decanial parts of an 
mch,nri<l multiply 144 by it, divi<le tlie product by the 
constant 3*84 ; the result is tlie weiglit n.<f|uired. To 
facilitate calculations of this kind, as well as those 
connected with the cubi(!al contents of metal and other 
bodies, tho dcKbnal equivalents of fractions of feet nnd 
inches arc exceedingly useful. For those, and method 
of using them, see a Note in next number of the 
Technical Journal, entitled — No. 14, “Calculating 
surfaces and contents of pieces of metal or wood when 
fractions are given in tho dimensions,'* 
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IS. On Aovo.Olye0rld« m * Tood PraMrvtr. 

Tins newly discovered, or hitherto unnoticed, com- 
pound hfts been applied by Professor BarfT to the 
preservation of food -materials. It is formed when 92 
grammes of glyrorino are heated with 62 grammes of 
borocic lujid, water being at the same time formed, 
Chetnicully, it is represented byiljo formula CjjlTjBO^. 
When pure and free from water, it is a hard, brittle 
substance, resembling ice in appearance. Tt dissolves 
remlily in warm water, forming a strongly antiseptic 
li<juid, wliieli has little or no taste, and is probably 
perfectly innocuous to the human system, although 
recent authorities on the subject have not yet come 
to a unanimous decision on this all-imj>ortant point, 
considered in i’<!lati()n to the i)rc?scrvaiion of food 
for hmmm beings. Animal and vegetable substances 
when tr(‘Mtcd vvitli tliis (‘omjiound w’ill keep per- 
fectly fresh jind uninjui-ed for a long time — in some 
(•ases for monllis- vvbicli without Iho application of 
the snhsl{inc(^ would “go bed” or ptiirofy in a 
f(*w (hiys, IJoi'acIc ncid hus long l)oen know’n as 
an enti-j'pt ic, end has for many years ))eon iipjdicJ 
to Iho j»r<‘sci'vat ion of foods, but only in a very 
limited niiiiib<M‘ of cases, such as milk, etc., though 
its comblnat Ion w'ith glycerine renders it suitable for 
almost every kind of food and drijik. Animal food, 
beef, fowl, fish, o'c., are eitluT steeped in a solution 
of the comj)oiiml, or the solution is injiuded into the 
arid ies. 

18. Mattufaoture of White Lead. 

Wliile lead is one of tin* most important jagment.s 
us(‘d in painting ; it forms not only the h(*st of 
wliite pignionis, hut the “body” of mwirly all others. 
It is a j)igmoTit of pui’o white colour, possoKsing 
gi’Oat density and opacity — W'hieh hitter <jtialiti(*s 
constitute the iinj>ortant character of “ covering 
j>ower, or the capability of being spread over a large 
surface w’hen used as a pairjt alone or in conjunction 
wiili other colouring substances. Jt is comj)oscd of 
carbonate of lead, togcth(»r with a little hydrate of 
the same metal. Like other load aalts, it is very 
f>oi»onou«, and this is the great obji'otion to its 
extonsivo use aa a paint; but notwit listanding many 
attempts — not w holly unsnocessful— it has never yet 
hocn supersotled for many purposes hy other wdiito 
pigments, It has a “ body *’ or solidity and pure 
whiteness not possessed in the wme dt'gree by as 
cheap rt material. The bulk of the white lead 
manufactured in this countiy, America and the Con- 
tinent is jiroduei'd by the old formontntion xnethoil, 
depending upon the principle that common lead, 
when exposi'd to the air and moisture, slowly be- 
comes coated wdth a wliite layer consisting of 
carbonate and hydnite of lead. This is chiefly due 
to the presence of carbonic acid in the air. It is 


greatly facilitated by the presence of acetic acid 
vapours. The commercial process for the manufac- 
ture is an application of these foots. A series of brick 
chambers called “stacks” ore built, generally having 
an area of about 26 by 14 feet. Each chamber is 
provided with an opening in front for Ailing the 
stack ; and a similar one at the back-end for emptying 
when the time arrives. The floor of the stack is 
covered with a layer of porous ashes. On the top of 
this is laid a bed of spent tan, partially putrefied or 
decomposed hy previous exposure in heaps to the 
action of nir and moisture. On this layer of tan are 
laid blocks of bii‘cli wcxid about 16" diameter, to sup- 
port rows of earthen pots which are placed between the 
blocks, resting on tlie tan. The pots are placed close 
together, over the entire laj^er, except a space of about 
6" along the sides. The pots are filled with dilute 
acetic acid, oi‘ weak vinegar, containing J to | of 1 
per cent., of pure acetic acid, On the top 

sides or edges of these pots, sui>poi'tod on bo/irds of 
wood, are placed sheets of load, to the depth of about 
5 or C inches ; 6 or 8 inches above this is constructed 
a w'ooden shelf, upon which is laid another layer of 
t'm and rows of pots containing dilute vinegar exactly 
like the hoLtom one, except that the layers of tan 
may bo of diminishing depth as they approach the 
trop. Ton to flftofm such layers are made, and the 
toiunost layer is covenul wdth a layer of bark, a few 
feet from the roof of the bnililing, The space of 
iiboul six inches around the w’alls is generally filled 
with clean straw. The* wdiole being now eomph^ted, 
the stack holes are closed, the building being on- 
closed in, and fermentation of the tan allowed 
to go on, by whii‘h a large arnount of carbonic acid is 
gonorati‘»], and the temperature is considerably raised, 
reaching from 120'^ to 140^^ Fahr., whitdi hastens thg 
conversion of the lead into white lead by evaporating 
the neetie acid from the weak vinegar contained in iho 
pots. Sometimes the walls are provided with one or tw'O 
ventilators, whi(!h may l)e entirely closed w’hen desired, 
for the e.soape of steam and condensed w’ater, which is 
given off during the fermentation. It is important, 
in the making of white lead awording to this method, 
to guard against discoloration by the condensed water 
charged with browm matters derived from the tan 
falling into the white, and for this reason in large 
stacks it is necessary to have ample ventilation for 
escape of steam, 

After scvcml weeks' action, the sheets of metallic 
lend are found to have greatly increased in weight 
and bulk, and to be converted into white masses of 
carbonate and hydrate of lead, but still retaining the 
shape of sheets. These are removed, layer after layer, 
into tanks of water, where the corrosion or coating 
of white lead is scraped off and collected in tanks 
of fresh water, thoroughly washed, allowed to settle, 
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the water drawn off and the white powder collected, 
ground in mills to fine powder, dried, and is ready for 
the market* In the centime of the layers of lead cakes 
of lead yet unacted upon are found. These are used 
up in the next charge of the stuck. 

The amount of lead which is actudly converted 
completely into white does not exceed 60 to 70 per 
cent, of the lead employed, and the increase in weight 
consequent on the convorction into carbonate of lead 
amounts to about 20 per cent. A stock covering an 
area of 20 feet by 12 feet, and holding 13 layers of 
lead, is eaid to reciuire from 40 to 45 tons of lead ; 
each layer takes about a thousand pots, 5;J inclms 
in diameter, holding 200 gallons dilute vinegar. The 
letid employed in making white lead must bo free from 
impurities, especially co])por and antimony, as the 
presence of these metals impairs the whiteness of the 
white lead obttuucd. 

Several other methods than the above are in use at 
the present time for the manufacture of this useful 
pigment, but that just described is the more exten- 
sively employed one. The only other method that 
demands notice here is the Milner process, which is 
now successfully carried on in this country, and will 
probably ultimately entirely siiperstjdo the fermenta- 
tion process; depending as it dees on a more exact 
action, occupying two days instead of several weeks, 
as in the old process, and requiring but veiy simple 
plant. The pi-ocess depends upon the formation of 
an oxychloride of load, which takes place when certain 
proportions of litharge (t.e., protoxide of load), common 
salt and water are ground together. The muss is 
gradually converted into a soft white pulp, with 
elevation of tempemturo and formation of an alkali. 
In practice a mixture in the proj)ortion of 4 lb. dry 
flake litharge, previously carefully ground and levi- 
gated, 1 lb, common salt dissolved in IG lb. of water, is 
placed in a wooden pug-mill, made of i>ine or elm, but 
not of oak. The mixture is continuously agitated in 
this mill for three hours ; the mass gradually thickens 
till the consistence of thick paste is attained ; it 
then begins to become thinner, indicating completion 
of the action. By tliis means there is obtained an 
insoluble basic chloride of lead, suspended in a solution 
of sodium chloride (or common salt) and caustic soda. 
This is run into an iron cylinder lined with sheet lead, 
16 ft. in height and 8 ft. in diameter, provided w’ith 
w'oodon agitators or paddles, moving on a horizontal 
axis, arranged so that the arms move alteimately 
above and below the surface of the li(|uid. The agi- 
tators are now set in motion, and a stream of carbonic 
acid gas introduced into the pasty mass from a pipe 
passing through the bottom side, and continued until 
the liquid ceases to be of alkaline reaction ; the stream of 
gaa is then continued a little longer, and then stopped. 
The point at which to arrest the stream of carbonic 


acid is one of great importance, as if continued too 
long a product is obtained containing too much car- 
bonic acid and deficient in covering power. The right 
point being reached, the current of gas is stopped and 
the muss is run into tanks of water and allowed to 
settle ; the water is niii off and the white powder is 
collected on filters, ground, dried, und is ready for 
market. The carbonic acid gas used in the pi-ocoss 
may be generated from chalk and Ci)ko hoatod in a 
kiln and waslied by pvssage through water. The pi*o- 
duct obtained is equal in quality to that obtainable 
by the fermentation method, aiul possesses iti fact the 
same chemical composition. 

14. Valnt of Bala Water for Bomeitlo Purpoiei-Caloula- 
tioni oonneotod with the Souroei of Supply, as Boof 
Surfaces, etc.— Storage Oisterns and Tanks. 

That the collecting und storing up, or as the gene- 
rally used phinso is, the ** saving ” of water arising 
directly from the rainfall could bo carj'iod out at coni- 
paintively little cost, and with very nuirked l)4uu‘liciul 
results in more ways tiian one, is obviotts etiough, on 
even a bric^f consideration of all the facts of the case. 
'J’liat the aniount of water which can bo collected 
directly from the rainfall oxcummIs the wants of rural 
populations, including the supplies required by the 
farm buildings of ovoiy district, is cstablisluul beyond 
a. doubt. And ono feature too ol’ttui lost sight of, and 
which gives a pnmtieal value to all schemes of saving, 
is, that the supply iiuiy l)e l()oke<l iqum as oohstaiit ; 
and this from the fimt that, the rainfall being dis- 
tributed over tbo whole of the year, the water takt‘n 
from any collecting place is beitig constantly re- 
plenished — the excess of demand im the store of watei- 
at ono time being tl»us met by the exc(?ss of supply 
at another ; the average of tho y<jar laang, as above 
stated, far in excess of the wants of the po()ulalion. 

And it certainly is a curious and a fortunate coiii- 
cidtmeo — und wliich indeed, from long continued obser- 
vation and extendiid exporience, may be said to be a 
rule — that the roof surfacu of a house affords gather- 
ing or coll<J(!ting sptwjo for a supply of ruin water 
which if stored up will bo, if not in excess of tho 
requirements of the family residing in tho house, 
suiiicient to meet their wants. Tlie sumo remark 
holds good as regards farm buildings wliere stock is 
kei>t. 

It is right to stiito that certain opinions have Ixsini 
stated, and as we think, unfortunately too dogmatically 
stated, as to rain water. Those itind to convey a con- 
viction to the minds of many not conversant with 
tho details of tho subj<?(^t, that rain water is impure. 
Not in itself so, for it is impossible to contm<iict 
the fact tliat naturally it is the purest water wliich 
©m |)osbibly bo obtained from any source ; but that 
impurities arc derived from the atmosjihero through 
whicb, and from the surfaces ujjon wUicli it dcs^^ends. 



TECHNICAL FACTS AND FIGURES, 


an those of roofs, etc., no one would deny. Now, 
as regards the atiiiosphoro, whatever may be said 
against that which floats above in an u Picturing towns, 
nothing witli any fair reason can be bronglit forward 
against that in the country. Oddly enough, those 
who linve j)r«:*f(‘rred this charge against rain water 
are the same |)(‘rs()ns who uphold the country atmos- 
phere as the hcaltliioKt. Now, lx)th views winnot l)e 
right: if coiintiy atinosfdicro bo a source of impurity 
for rain waf(^r, it ought— one would think — }>y ])arity 
of resasoning to be one also so far as health is con- 
cerned. And ns regards the contaminating influen<^e 
of the sur faces on w lu'eli it falls, the only contamination 
at all probal>lo in the country is that arising from 
leakage, and the drop))ings of birds. And this is so 
trilling in amount as to be scarcely worthy of being 
reckoned. ]3iit on the whole Hul)jcH?t experience has 
been sindi ns to cause what may bo cJiIled a universal 
consensus of opinion in favour of rain water for 
domestic and by consoquenco for farm live stock piir- 
jKiMcs. ^I’he i>opulation of whole districts use nothing 
but rain water-, and for the sufliciont reason, if none 
(tlse existed, that no o1 Ikm- cjin be obtained, at least not 
without involving great (expense. And even in the 
inanufaetui’ing dist ricts, wboi-e the atinosplroro cannot 
bo said to bo iruro according to the popular standard 
of lyirity, it is wt‘ll known liow largtdy min water is 
used. Even wlroii imjmrit ies such as those which have 
been stated do exist , they can be roinovtsi by ov(?n the 
Huqdost nnd cluMipest nu?t bods of iiltmtion. 

In all diseussit)ns on the water supply question, 
the amount per lu*ad per day stated to be absolutely 
nKiiiirod is in reality far in (excess of that which is so. 
This amount, twenty-two gallons, is to cover waste 
arisirrg from leakage and other sources so generally 
mot with in towns, and the worst of all wastes, the 
wanton waste so prevalent in houses. But when 
water is airefully usimI — and wlion want is found to 
bo the concomitant of waste, careful use is gradually 
taught — a very much loss quantity is required. 
Three gallons is an ample allowance, taking old 
and young together; and one has only carefully to 
consider what he <loes use or is used— that is, what he 
absolutely and only ri'quircs— for him to diseover that 
less than this quantity will really ho ample. 

Taking, then, this lesser quantity at two nnd a-half 
gallons per day, this will l»o supplied fi'om 500 square 
feet of surface, and this superficies will Ix) given by a 
cottage of the average size, including its outbuildings. 
As the rtK>f surface is the actual collcxfting area, this 
vai-ies with the stylo and the disposition of the roof ; 
but it is a very small cottage which will have only 
500 feet of roof surfiu^e. Again, the supply per head 
depends upon the numher of inhabitants, and we 
incline to think that five is nearer the average than six. 
If so, and taking, with an average annual rainfall of 


twenty-two inches, the water stored from 600 square 
feet of slate roofage at 5700 gallons, the daily average 
supply will bo, say fifteen gallons, which divided by 
five gives three gallons per head per day. Thatched or 
straw-covered roofs not being adapted for ram water 
collecting, for many and obvious reasons, are not to 
bo consideT’0<l as watershed surfaces for practical use ; 
alihougli oven the rain w'ivter from them should not 
be wasted, hut stored up, if for no other purpose than 
for pi-ivies and clothes (at least rough clothing) wash- 
ing, for which it w ill, oven without filtration, bo much 
l)6ttor than the average quality of water obtained 
from springs nnd wells. Mr, Wheeler, C.E., who has 
had large experierujo in the water supply of rural 
districts (his paper before the “Water Congress,” 
so to call it, held by the liiocioty of Arts in its Journal 
number for August 8th, 1879, will well repay penisfil), 
recommends as the result of his experience that the 
storage tank should be sufliciently largo to contain a 
supply for 78 djiys. To ensure this, for every square 
foot of roof surface the tank should have a capacity 
of 2i| gallons. Thus, a tank for a cottage with 500 
scpijii-o feet of roofngo should bo G feet deep, and 6' in 
diameter; this will hold 1200 gallons up to the level, 
below the springing of the arched top. If constructed 
of brick and mortar, in form a circle in Imrizontal 
section, the cost w-ill be somcwdiero about one penny 
per gallon. The larger the tank the loss its cost per 
gallon ; hence the value of the system of making one 
large tank to 6upi)ly several cottages. As a material 
not only clieaper than brickwork, but in every other 
respect superior, there is none which can hold its own 
against Portland cement concrete. A tank of this 
material can be construc-ttsl much more quickly than 
one of brickwork, even by /iny common laboui-or or 
unskilled workman, and when set it may be looked 
upon 08 equal to a tank cut out of a single solid stone. 
(See Note No. 3 in p. 41 (Part I.) on this material.) 

15. Data for Satimating tho Feoding Value of Farm Oraiiea 
for Live Stook. 

(Ool, 1, Fletth Formrrt: 2, Tfrat or Fat Frodacert; 8, Water; 

4 , Wfindy Fibre; 6, Ath,) 

Table Bbowliig Fuo<Uv:ihie of GraRsos nnd Hny, 


Grabsks. 

No. 1. 

No. 2. 

No. 8. 

No. 4. 

No. 5. 

Rye grass . 

8-,S7 

12-08 

71-43 

10-06 

2-15 

Italian rye grass 

2-05 

1411 

7.5‘«1 

4-82 

2-21 

Lucerne . . * 

4-40 

lun 

7.1-41 

... 

3-08 

Haitifoin . • 


17-43 

77-32 

... 

1-73 

Vetch , , 

8*50 

12-74 

82-16 

mrnm 

1*54 

Clovkhs, 






Rod clover , • 

3-r.o 

1.3-78 

80-r.4 

*■ a 

1*97 

White do, . • • 

4-52 

10*28 

83*60 


1*57 

Yellow do, • * 

4-48 

15-94 

77*07 

••• 

2*00 

Alslke do, . . 

4*82 

10-44 

76*07 

,»■ 

2*06 

Hat. 






Meadow crass hny , 
Aftermath or scK-ond 

10-09 

40-17 

10.94 

27-16 

5*04 

10*75 

49-74 

18-05 

19*02 

7*46 

crop of do. . 






Clover hny . , 

13-52 

* 

64-43 

16*84 

... 

6*51 
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(8) “Steam raising*^ for motive-power piirpoRe« 
constitutes one of the most important of tho many 
important departments of mechanical engineering, 
Tlio work to bo done is of a dual character — tlio 
<!ombustion of coal and the quick evaporation of 
water, each process carried on in its special appliance; 
in the one ease tho furnace, in tho other the boiler. 
Shortly defined, the raising of steam in boiler i)ractico 
may be said to be the “ boiling of wator.^’ Simple 
as this process is— and what every ono assumes to 
understand— it is one nevertheless surrounded witli 
points of groat scientific interest ; but, so far frotn 
being a simple subject, tho very dofhiiticn of what 
** boiling of water" is has not yet been arrived at in 
a way which every ono consents to as accurate. And 
of nocessity mixed up with it is tho process of “ fuel 
combustion,'* whether that be solid or gaseous, solid 
fuel or coal being almost uiilversaliy, gaseous only 
exceptionally, usod. We here introduce two subjects 
of tbo greatest possible practiml interest to all classes 
engaged in industrial processes — for all, or nearly all, 
demand “steam power" for their work. Oh both 
of these subjects we shall have a few paragraphs to 
give. 

(4) In another part of our work tho reader will 
find a paper or two on tho use of “ Portland cement 
concrete." This material is now applied to such a 
wide variety of useful and important purposes that 
all points connected with its practical use are inter- 
esting to a wide circle of industrial workers. Largely 
as it is usod, we have much yet to learn rosiHsoting it, 
its action or behaviour under certain conditions and 
circumstancos ; and every now and then something 
suggestive is cropping up concerning it. It is only 
recently, for example, that it was discovered that the 
admixture of “ sugar " bad a remarkable eflect on the 
qualities of the concrete. In looking about for a 
useful addition to such a rough, bulky body as 
concrete is— or “confection," os tho French might 
call it— one would suppose that a condiment, and 
that sugar, would have been amongst tho last of 
substances thought of as likely to bo of use. But tho 
I)oint opens up some suggestions of such great scientific 
and practical interest that wo may havo something 
further to say about it in a future paragraph. Mean- 
while it may to the young reader be suggestive of somo 
general considerations as to what strange directions 
science and practice may take. 


(5) In paragraph No, 3 wo oj>onod up the subject 
of stoam raising, which w'O explained as a dual oi)On\- 
tion or process — tlu^ “ boiling of w'ator" to secure its 
“quick ovaporntion," and this onivted by the agency 
of lieat, ovolvod l)y the “combustion of fuel" oitlnu’ 
in the solid or gaseous comlilion. And wo remarked 
that these operations carried with I ham jK)iiitsof tho 
greatest importance to a largo number of industrial 
w^orks and prwosses. Glancing lirst at tho operation 
of “boiling," wliether of simple water in the case 
of steam raising for motive-power purposes, or of 
w’ator mixed Avith various substances, as in browing, 
distilling, dyeing, ami tbo like, simple as oi)era- 
tion appears to bo, the young reader may be suipriscd 
to learn that scientific men liave been so far from 
agreoinont as to wha t lM)iling is, tliat they have not 
fornudatod a deiiiiition which is aceeptod by all as 
correct. And impoiiaiit as its applications are, ami 
dominating as they <lo such a wide variety of indus- 
trial work, tho subjocjt has scarcely received in timers 
past tliat amount of attention from scientific and 
practical men which this importance would seem to 
demand. But this reproach is now Isung removed, 
and recent rosearehos havo resulted in a new view 
being taken, whicli sooms destined to comi)lotely 
revolutionise the practice of boiling — modifying, or 
rather changing, previous conceptions as to what tho 
operation was. (a) Evaporation, or the production 
of vapour from water, is going on at all tonqioraturos, 
although that va[H>ur is only visible at (tert.ain high, 
or comparatively high, lom)>eratures. Even in wintoi* 
water will evaporate or dry up from poeds on tho 
road. This evaporation increases in rapidity, and 
tho volumo of vapour resulting becomes groator as 
tbo temperaturo increases ; and when that tempera- 
ture readies a certain indicated jioint the vapour 
passes off freely, being as it were jirojected from the 
water, which tecomes more or less violently agitaU^d 
— a condition to which tho name of ebullition is given. 
This temperaturo is, under ordinary circiumstancos, 
and at or alxiut the sea ]ev(.*I, 212" in the Fahrenheit 
scale of tho thermomotor, which is ihereforo called tho 
“boiling point." (i) This particular ioinporaturo of 212* 
is that duo to tho pressure of the aimosphoro at sea 
level, as indicated by a certain ludght of the mercury 
in the barometer. But if wo reduce that pressure-— as 
by asc^mding a mountain — we lower tho point in the 
thminometric scale at wliich water hals, and that in 
pniportion to tho lowering of tho baronjotrio scale 
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—that is, the reduction of pressure, (o) Conversely, 
if wo increase the pressure of the air, or of its own 
ejected vapour, on tbe siuface of the heated water, 
we increase the temperature at which the water hoils, 
and by consequence that also of tho vapour, or steam 
—as water vai>our created under i)rossuro is called — 
which is passed off. And this increase of teuiporature 
and increase of what is called the “boiling point” 
in the ihcrmometric scale is in proportion to the 
increase of the pressure acting on tho water Ixjing 
evaporated ; v e thus see that tho term “ boiling point ” 
of water is oi»o purely relative, not absolute, as many 
seem to think it is. {d) Expressed in precise selontific 
terms, tlio boiling point of water— or of any li(iuid — 
is ** tho teiiq»onituro at which a saturated vapour is 
Hubjocted to a privssure equal to that to wltudi wliat 
is culhsl tho free surface of the liquid is subjected/’ 
In other words, a Iwiling water is a “ supersaturated 
solution of its own vapour/’ Jly suporsaturatod is 
meant tliat condition in which no more vapour can 
1 x 3 taken up — just as a salt solution, for example, is 
said to bo siiporsaturatod wlieii the liquid will dissolve 
or take up no more of the salt. What is meant by 
tho term “froo surface,” in tlie definition named 
above, wo shall see when wo come to explain how 
efiiciont oconomical boiling and quick ova])oration 
can bo facilitated by cortivin modes of working, the 
attainmojit of these two objects liere named being 
what the engineer aims at in the steam engine \kA\vv 
working, and indeed in every industrial process in 
whicli lx)iling is the main feature. («) Wo have now' 
arrived at that point at which >vo have to inquire 
how this vapour, tho result of the operation of boiling 
wat(u*, becomes a source of mecluuiical foi'co or i)owor, 
by the use of which work of various kinds is liono; 
in otluir w^ords, how heat, the product of the com- 
bustion of the fuel, is convertcil into force by boiling 
water. From this wo j)orccive that, as first denion- 
hirated by Joule, tho eunnont ^lancliester scientist-, 
“lu'at” and “mechanical force or pow'cr” are con- 
vertible terms : that is, a given amount of heat h 
tho ^opresoutati^■e, so to say, of a given amount of 
force, or is tlu? measure of it; so that, if wo know 
what heat we have at disposal, wo can calculate how 
much forct' or power capable of doing w'ork wo have 
at command. And, conversely, mechanical force is tho 
represciitativo of a certain ainoiint of heat ; so that, 
if wo know the force or jx)wer w'e have capaldo of 
doing work, wo can toll how much heat it took to 
]>roduco it. (/) But before being able to make these 
c’onversions or cjilculations wo cannot deal with aUstract 
statements ; we must have semotbiug definite to work 
with. This is furnished us in what are called “ units,” 
the units of heat and of mechanical w'Ork, A “ unit 
(»f heat” is that amount or quantity of it wdiich will 


raise one pound weight of water one degree in tem- 
perature. A “ unit of mechanical force " is the power 
or weight winch will raise one pound weight a vortical 
height of one foot in tho space of one minute. Work 
done, or mechanical force expended, is thus expressed 
in what are called “ foot-pounds ” of energy or force. 
A “ unit of heat ” was found by Joule to be equivalent 
to or convertible into 744 units of mechanical force, 
hence called “ Joule’s equivalent”; that is, the force 
which we may say to be present in the unit of heat, 
or the heat required to raise a pound of water one 
degree in temperature, is equal to tile raising of 
744 lb. one foot high im minute. It will bo observed 
that w'ator is the body selected to represent tho unit 
of heat. This has not boon done from obvious eon- 
veniencoH which this body presents for use in various 
ways, although this consideration was not lost sight 
of; but because, of all bodies, with tho exception of 
hydrogen gas, water possofisoa the greatest “ capacity 
for heat,” known as the “ specific heat." Hence water 
is selected as the “standard" by which the si)ecific 
beat of all bodies is measured, or with which it is 
compared— water being put down as 1000. Now, it 
is water which is used for steam-raising purposes, 
and tho heat is obtained in this country almost 
universally by tbe combustion of coal, water being 
placed in a closed vessel termed a boiler, which, in 
i*elation to the steam engine, is what the lungs are 
to tho human body, supplying it with air for breath- 
ing. If, then, by the burning or combustion of fuel — 
coal generally— W'e got boat to raise the tomperatuj'e 
of the water, and that produces its boiling, and that 
again vapoui’, which, as steam is used to work the 
engine by its inheront force, to which the name of 
pressure is given, it follows that tho operation of 
boiling is itself the exhibition of force, as the vapour 
is the ultimate stage of tho production of heat by the 
combustion of the fuel, and tho heat represents, or 
is convertible into, so much mechanical force. We 
shall SCO in a succeeding paragraph in this section 
how this force is croatod and excited in the act of 
boiling of w’ater— from which may be deduced another 
theory of boiling, or what, if taken in conjunction 
with tho theory wo have already named under (r/), 
w’ill give tho reader a cleai* conception of w'hat Iwiling 
is, and how it leads to views and notions which, by 
quite rovolutioiii^'ing old (ronceptions and views held 
for long about it, open up the prosi)ect of great 
advances being made in our furnaces for the com- 
bustion of fuel and in our boilers for the raising of 
steam. From this the young student in industrial 
science will perceive that much interesting and^ 
practically valuable matter for his consideration 
lies before him in succeeding paragraphs under thisj 
head. 
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'TECHNICAL EDUCATION 

IN RELATION TO 

THE PRESENT OOHDITION OP OUR INDUSTRIAL WORK. 


ooNTEiirrs. 

Prsctlosl Folly In Nationally Overlooking the foreRoluff Ganeei of 
LoiMi In Technical and Industrial Work^Oondltion of the Questioti 
of Toolmlcal Education in the Continental Countries ; the Work of 
which constitutes the Grave and Serious Competition which we 
have M a Nation to contend with-Importaiioe In this Connection 
of a Brief Inquiry into tho State of Continental Technical Education 
—The Position occupied by our Country gives us the Best Oppor- 
tunities to maintain our Supremacy as Technical Workers iirxl 
Industrial Producers -Application of the Teunhinffs of Bcloneo to 
Technical and Industrial Work— Technical and Industrial as Part of 
tlio System of School or Ordinary Kducation— Technical IUMtniotion 
as open to the Working Classos in Schools, Colleges, and Inst itutes - 
Difficulty of the Problem— Work in the Extension of Toelinlcal Ertu 
cation to the Industrial Chissos required to be done, in Addition to 
that oJToctodby Special and Public Olaesos, CollcgeB, and Institutes. 

Praotioal Folly In Nationally Overlooking tke foregoing 
Caniei of Loises in Technical and Industrial Work. 

Those ctium wo have oiled rould bcj parnllelcd by others 
drawn from a very wldo variety of technical and industrial 
tratles and callinpffl ; ro that if we twld tho results lojjcther, 
on ajTf^^ropalo ifl obtained wliich oarrica with it matter of the 
grnvcist importance to our national trade intoroats. The 
inference, and tho only one open to be drawn from all thia, 
is one which concerns every elaas, and no clasw more t^lowdy 
than that wide and imptn-lant one for tho members of wliirh 
thiB Work 18 prepared, and for whom Ihewe lines arc more e«pe- 
eially written. Wo pride ourwelvew upon bcinjj a thorouglily 
practical ptuiple, and in most things wo are ho, or we should 
not occupy th(j high ponil ion in icclinical anfl induHtrial tmdcH 
and e;i11ing8 we do. Hut in not a few tilings we Iohc Kightof 
the practical element altogether, and become neither more 
nor less tliiin mere dreanierM. Is it not so in this particular 
ease of the injury done to our inlercKlH as pnabieers for the 
markets of the world by the two enufies we have been now 
dwelling on— namely, the cheapening syslem, and tho de- 
ceiving ByHtem of doing work ? You can Hjx'uk to no one of 
long standing but who at once admits and doplonss that thoNo 
two cauHCH have done aiul are daily doing infinite mischief ; 
that they act in themselves as not merely eneouragtTs of tl»e 
competition we have daily to face, but <vh ilie creators of m‘W 
kinds of competition, and in now districts which would other- 
wise not exist, or but in an Ineffective way. Yet, notwiMi- 
standing this frank admission, this deploring of effeciH, It 
seems as if the subject were om*. to be hushed up somehow, 
and as seldom an i>OKKib1e alluded to. No doubt it in a Kbite 
of matters of which we have so much reason to lie ashamed 
that our desire to hush it up and say nothing about it— at 
least publicly— can bo in some way explained. We all a<iinit 
it to 1)0 an “ugly" tiling. Hut the results of it are uglier 
still, so far as our industrial intereHts are roncernod. 'rhis 
mode of dealing with the subject is after all smnewhat silly. 
It reminds one of the ostrich's way of getting ri<l of his 
enemy— hiding his head in a hush, and thinking that his 
exposed body is therefore safe from attack. Hut if foreign 
competition be the serious thing wc say it is, surely any 
cause w-bich promotes it or creates it must l)o no less 
serious. If doing bad work has done us so much evil in 
making competition ho wide and effective, would it not bo 
worth while — something truly practical— to try to do away 
with it? If good work made our trade originally, and if 
W'e have lost much of it through doing bod work, could 
VOL. I, 


we not regain our position by returning to the d(u‘ng of good 
work, and tlmt only ? Surely this is worthy of a trial. At 
all events, in the discuHnions of the future on technicaUnd 
indtiHtrlnl mnttCTs Ihosc two cmmcR must ho faced, whether 
wc will or no. Wc cannot get rid of them if we would, 
and If we were witK> in our own intereslH wo would not if we 
could. Whdlior the fad, that wo do not fnen thwn now i. 
ChuHcd hy our heiiiR nslmmoil of them, is not our duly liore 
to inquire. Itnt it is our duty, in trm iiiK out nil the i>oints 
connected with technical and indiiHirial work, to declare 
clearly and Ijonestly that, thowe two (^juihor are as important, in 
their iHRiicH and inlluonccH ns any other two whieli may be 
named. And in taking tliiw posit ion— unpojmlnr tliongh it 
he wilh many— wc know that it is lield Ijy not a bov, r.nd 
tho.HO of Uk* highest stjindlfig, wlio look far beyond tin* merely 
popular aH|»cctB of llic quest ion, and hcc clearly how the future 
will and must of neecH,sily be greatly and gi-avely iiifhiemfcd 
by the way wo deal or flo not ihvAl willi nil fl,e dillieuIticH 
which siiiTOund tlu' quesli.-ji. And of lliesc, the two we have 
named they look upon jin not the JeiiHt potent. Jn Hiipport 
<if these views we could cite iiumeroiis <»iiiiiionH of the liigluiHt 
aulhoriticfi praetieally (‘oneeriied in tluj eurrying out of our 
most important, works, Jtut (his wc do iu»l <h*tMM nefessivry ; 
it w'ill be RufU(u<'nl for our purposes, uud will (U)iivry matter 
RUggcHtive of tbe gravest eonsideralion in eonn".euion with 
what we have given in tills and Ilie lust, fow ]>iiru^'ni.pbs, if wc 
<pi()te lierc tlie wonls of fine who uses machinery and employs 
men on tlm larg(‘st se.ide. And tlK-se words aru nil the more 
pregnant 'svitli imwiing wlnm it irt coiiMiden'd that they 
formed p.art of a spei^eh Nddressed to the Institution of 
Mechanical KngineorH, at the time we were Keniliiig lliis jijiper 
to prt?sR. Tin? following are the grave vvorils : ■■■“ Me was 
sorry to say that he luid hoard the Kiiglinb name disgrimed on 
the Continent owing tf) the biwl work sent from I In'; eonrdry. 
JJe said, let them go to the old Kiiglish w'uy, mid do 
everything better tluin every other nation." We luive, hlmwn 
that we cun do it if vve will. The jioiiit ranimt bo too fre- 
quently and too strongly insistfsl u|ioii, thjil lh(‘ jUionliurilieH 
of the position of techiiieiil and induNtrial work in tiiin eoiintry 
in relation to foreign conipctitinn, and as a eonscqueiie.e tho 
pOculiarit.i(‘S r»f the position of technical ediicaiion, are, not 
biTiught into existenec l»y one cause only. We- have hcom that 
there arc tnauy caiiseH at work, and that thesit must be 
reckoned with — taken into aecount—and thidr intIne/iecH os 
dowdy watched ns w’c can watch them ; an<l that we mij.st use 
them for the furtlierance of the true inLerests of the arts and 
sciences and the industrial and technical work iijion which 
HO uiue,h of the prosperity of our country depends. 

Oo&dition of tbe Question of Teohnioal Education in the Conti- 
nental Countries; the Work of which constitutes the 
Grave and Serious Competition which we have as a Nation 
to contend with - Importance In this Connection of a Brief 
Inquiry into the State of Continental Technical Education. 

Tho allu.sion just ma<l<' to the tcdmiital authoriticH of the 
Continent has a distinrlly upecial value In tho present con- 
noctlon. While fully aware of the valm! of the work done in 
technical education in this country, and of tho liigh rank which 
our tcobnical authorities lake in tho world of h< icnee and prao* 
we muKt not conceal from those of our roaders who may 
not be aware of the fact that a syHtematic technical or trade 
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Jnstrnction In in this country a thing, so to say, of yestei-day. 
it is but a few years back when it could be said that its 
■mporlunce to us as a people was practiealJy unknown to us, 
few only being alive to it. It has, therefore, only been very 
recently that the subject has been taken out of what was 
literally Ujc region of theory— a thing considered by a few 
odvaiieod Lhinkci’s to be good, and therefore talked about as 
a probable work ('f the future. Tn the curly j>art of this 
Ueview we have hud to iimko allusions to eertain facts and 
cireumfllano(!S connected with the history of trade W(nk and 
in<lnMiriul procesat’H of this country, In these named, and in 
others which they will naturally HuggeHt", will Ixj found the 
reason wliy, of late ywirs, the Hiihjeet of Technieul InHtruction 
has been advanced to Uie position of one of Ujose influences 
tbaii whieb none cati be rcckoinsd as superior in potency as a 
means of raising the stnndard of attainment amongst our w'ork- 
inen ; and in so raitOng it, iy conserjueneo increasing the 
value of tluiir work, and giving us the Iwsl means of retaining 
that Hui)remuey as wiu’kers for the world which we have seen 
belonged to uh in former y(‘nrH, and tl»at witlieut almoHt a 
single conn)(!titor to enter tlie field of production against us. 
We are, tliei'ef(»re, now at last nationally convinced that 
Teclinical Kditeatlon is a matter of pressing and iiiimediuie 
necessity. 

But Hystemutie J'echnical Kducation of those who are dc- 
BigmsI lo be the industrial workers of tlie future, and of thoao 
wiio arc already fully engaged in the actual doily work of 
production of the varied, almost endless objects of our arts 
and manufacitures, is a work yet to be done, in a complete and 
comprehensive way. And while we have only, and that very 
roeenlly, awakened to a sense of its national importance, a very 
difTt^rciii state of matters has existed in connection with it on 
the Continent. 

But ill appi'tiaching this subject— which, for obvious mwons, 
can only bo glanced at in its h'ading features— lot us endea- 
vour to state tlie (tase fairly as contrasting the position of 
Technical Kclueatitm on tlie Continent with that whiirh it 
oecii[>ios in this country. For so much has been said as to 
what has been done and is still being done abroad in the 
CHtablishment of a system of advanced, that is scientific educa- 
tion, in its uftplieation to the arts and industries, tliat to a 
large extent the public mind in this country is impressed 
wdtli the idea that this education, if it has not been and is 
not now availed of by the working classes generally on the 
(kuitineiit, is so to a large exleiil. The truth, however, is — 
and it is distimdly emphasized by the Technical Commis- 
Bioners In their Uoport— tbat> this idea of the general, or even 
extensive application of a system of Technical Jilducatiou to 
those engaged in actual industrial work, is erroneous. !;i^o far 
os our own experience goes, it seems that while the system of 
technical, that is scientitlc, education directly applicable to 
iiidnstrial work established on the Continent, is beyond all 
question of a liigb or complete character, it is taken advantage 
I f chiefly by a class or by classes of young men nearly in all 
cases occupying a iKwition in life alxivc, and in many cases 
eonsidciabiy above, the clasa or classes to whom the title of 
W'orking men can bo truly applied, and to whom the hours 
ur times of attondance are quite a matter of inditfcrcuce. 
And even where eduoatioiial facilities of a high or ad- 
TanciHl kind are oflered at hours which apparently suit the 
convenience of the working classes occupied of necessity all 
or by for the k'st part of the day, it apiuxirB doubtful whether 
U can bo said that these facilities are really taken advantage 
of by those working men. The one exception to this is 
in the case of technical odueiUion as applied to wdmt is ctvlled 
artistic work, or now perhaps more frequently art manufac- 
tures, and in the case of France and Belgium. In thoso 
countries— and with certain modifleations it is applicable to 


Italy— amongst the working classes engaged in art manuloo- 
tuix^H, ** instruction " (to use the language of the Teohnioal 
Commissioners) of the most practical kind is diffused to an 
extent to which we have no parallel.” It is right, however, 
to state that very great exertions have for some time been 
made, and are still being made, to place a system of education, 
the work of which will be directly applicable to technical 
industries, all over the Continent, and taking in all classes of 
the community. This is very marked in the case of Franco, 
Notwithstaudiug what has been now said as to tbe liithorto 
and present adaptation to the circumstances of the w'Orking 
eluSHCA of Its benefits, the fact remains that there has been 
established a system of technical education admirably adapted 
to give to industrial work the helps which applied science 
can so well yield, And this has been the case for a period 
dating from a time lorg before the public mind in this country 
was even attracted to the subject ; certainly long before it 
was so impressed with its importance as to urge to public 
efTutts to meet tlie requirements of the case. And now that 
we are not only determined apparently to do sometnfng prac- 
tically, but have in reality done much in tlie establishment of 
a system of sound technical instruction, the difference lietwecn 
the position wo occupy and tliai existing on the Continent, 
is this : On the one hand we have been only of late years 
beginning to establish a system of Technical Education, and 
have ihcrcforo boon able to do but a very little in affecting 
beneficially the actual work of Technical Industry. Further, 
W'C arc at the best only feeling our way towards the establish- 
merit of a univcTsal system of Technical Education, which 
fiom the difUcultioR attached to it, will require years before 
our Technical Trades can piossibly receive anything like the 
full benefit it is calculated to give them, Glancing round 
at the position of ibo Continent in regard to Technical Edu- 
cation, wo sue that the industrial arts have for many years 
been reaping more or loss the advantages offore<l by the 
technical schools. If they have succoedod in but little else, 
the Continental peoples have bad the start of us fur a long 
time. But they have done more than this, and how much 
wo have indicated in an early paragraph in this General 
Kcvicw% The Continental peoples have had for long a system 
at work which only requires extension lo make it embrace all 
clasHCs of the working men, We have yet largely to decide 
upon the precise character to be given to our educational 
system, and then to extend it over tlie whole kingdom. While, 
Dicrefoi'e, all Continental nations have more or less paid 
marked attention to the subject, os must closely and intimately 
concei'uing the welfare of their people, and those who have 
done little have far excelled us, who of all the European 
nations have done the Least, to Germany must be yielded the 
palm of czeollence for her efforts in this great work. To 
quote the words of one of our greatest English-speaking 
authorities on tbe general subjcut> Germany, as generally 
admitted, is ” tbe best educated nation of the civilized world.** 
Bho is gaining a better industrial position daily, and 
there, instead of standing aloof from each other, and forw 
getting, ns is too fnxiuently the cose in our own country, those 
great facts and those imperative duties which every states- 
man does and every citizen should recognize, the governing 
and the governed classes have worked together for the. common 
good, and have given Germany, especially, a vantage ground 
in the universal struggle for existence and w'ealtb, which is 
likely in the future to enable that country for many years 
steadily to gain upon all competitors.*’ And although tho 
following remarks by this authority have u special reference 
to the United iStates of America, thoso amongst us who know 
beat what is our position in this vitally important matter wilt 
admit that, if they do not apply rigidly to ourselves, they 
possess, nevertheless, such cogent force that tAty ihould ai 
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leatit iugyt$t to w i&nie ponsiderationi of the gravtut imjmi. 
While Germany iB thus gaining daily a remarkable position 
amongBt the Industrinl workers of the world, the United States, 
rcmarkB this high authority, is retrograding in all that tends 
to give manufacturing pre-eminence, except in the ingemilty, 
skill, and enterpriuc of its people ; and the one grt'ut, the 
yital, need of our people is a complete, ciiicient, mul directly 
applicable system of technical instruction and of industrial 
training; if they arc to avoid the succossful and imitovcrish- 
ing competition of nations, which have already boon given 
that advantage by their statesmen and education a genoitUioii 
earlier," While such is the position of Germany in this grttat 
question of Technh'al Instruction and Industrial Training, the 
dcBorved eulogy which it has drawn forth fr()m those best able 
to form an opinion of the value of the work which she has 
done, is more or lees applicable—in sointi rosjjccts more sc'— 
to other Continental nations ; thus in Technical Education, 
Franco occupies a high position. 

The Foiitlon oooupieA hy our Country gives us the Best Oppor- 
tunities to maintain our Supremacy as Teohnlcal Workers 
and Industrial Producers. 

There would appear, therefore, from all that wo have said to 
be but one conclusion— namely, that wo can only bring back 
the trade which to a certain extent w’c have beyond all qii(‘s- 
tion lost, and ciin only keep wliat we have loft, by doing the 
best W’ork wliioh wo arc (‘apablc, by [ji’oduoing the bent r>f 
goods which can be made. And while producing the best, 
with our command of so many resources, wo ought, wliile giving 
our customerB the liesl, to bo able to give them, if not thi! 
cheapest, at least so cheap that they will, with their inherent 
goodness, always command the marktiis. Ami, fortunato.ly for 
the future prospeotB of our Liadcs, we arc in the la'st possible 
lK)Bitiou to do ibis. We have at all events tlie start" of all 
other peoples. And more than tins— and it is of the greatest, 
possible moment to us— we have not tiiorely all the natural 
and pliygical facilities for carrying on this ^lerfect trade, but 
all the lessons of experience which yours and yoai’s of a prac- 
tical monopoly so abundantly and so well have given us. It is 
the very necessity which now forces us to be the producer^ 
of the cheapest, but which must at the sanjc time be the 
best of gootls, that has of late years bnuighl our be.st think(;rs 
and the most far-scelng of our practical men to deeply con- 
sider our position in this vital question — ‘’how best, to meet 
this competition with other peoples?" This is now, indeed, 
the paramount consideration of the day. l)(.')K:ndent as nil our 
tuclinical trades and industrial jfrocesscs are upon H-it urr for 
the ] rluciples which define and decide tluiir pratdiee, the 
question is this : How can wo most prudently aud most 
wisely extend a knowledge of these principles— how best ami 
chcqicst apply them to uuivetsal practice? This, in other 
words, is what is known as Technical and Industrial Educa- 
tion. This may also be defined us turning the facts and 
principles of science to practical account ; in promoting the 
intcreats^that is, increasing the value of the work— of daily 
life aud business. Technical Education may thus lie dt^flned 
to bo the systematic or seicntiiio method of inereasing the 
value of industrial work, 

Application of tho Toaohings of Bclenot to Technical and 
Indnitrial Work. 

How best to secure a wide, or rather a universal extension 
of this tGchnical education throughout all districts of the 
kingdom, has long been matter for the grave and earnest 
thought of those amongst us who are truly anxious that, as 
a nation of industrial workers occupied in the wide range 
which embraces every style of production, we should maintain 
the high position which wc have «o long hold. This tiiey 
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clearly foresee can only be done by taking every and the 
fullest advantage of all the lc«»ons which science, purt'ly ai 
such, is BO Well calculated to give, And not only in this way, 
but by availing ourKclves of the ac(‘iimu’atcd btttres of cxiwvl* 
oneo which have hoow hamhd down to n« by preceding genera- 
lioUf». Ami tbl« also is rich in lessons ns telling ns not only 
w’iuit Is to be done, hut uhat is to bo avoided in the [iractico 
of t ho future. 

To secure such advaiitagt\s in promoting the iiittuvsls of all 
our iiidustriul occwiialions, a variety of im'an.s Iwvvc been sug- 
f^.\v (,h]y wiili varied and 

varying success. And it m*ed not bo nialter of surprise ibr 
us to learn that this success has bei ii, np till now, far below 
the cxpiiCtations of the sungninc, and hns not eomo up to thu 
even of those who took a iiioie prm tieal vit'w of ilio 
diliicuUios of the position. Much of the ellbrt iiiiidtt lias been 
merely tentative, for we have liad e.vei;\ tiling lo learn, ami 
this nroBC of nc(U‘S8ity from the very imluie of tlio cireum- 
Stances in which our indnstri.'d workers liii\e been plinMjd. At 
the presiMit time we art! tln'roforii bir from having attained to 
the Btandaixl of perfection, if that imlee<l be ever reached, 
seeing that the aits — beciiuse the scieiiees on which II117 are 
iKiHcd— are eminently progre.ssive, and much in seimiee itself 
hits yet ami will appartiilly ever hav« to l»e learm‘<l. Still 
we arc nearer to the point of perfect ion in teehnieal know- 
bulge than we were somi^ yi'jirs ago, Ami I he best hope tliat 
Wi,* shall nmke niiieli greater progiess in tin* nesir fnlure thiui 
we liavo done in the late pasi, lies in the fiwt that- aw a people 
we are lM?eomiiig daily more and more rapidly impressitd with 
the eoiivielion that, if wt‘ are imleeil to maiiitain our supivmacy 
in industrial work of all kinds, wo must avail oiirsclves of 
the aids by whle.h that industry is piomoted in iU best ami 
most advanced interests. 

Tecbiiioal and Xndnitrial ai Part of the Syitem of School or 
Ordinary Education— Teohnioal Instruction ai open to the 
Working Claiioi in Bohooli, Collegei, and Institutei, 

And preeist'ly in jiropnrtion as this <',onvietio.i is becoming 
more ami more fixed in the national niiinl, do we find that 
earnest (‘mh'avours an: mad<! to itrrangc tmr general or pojudur 
eduealioiiul system so that its teachings wili be elo-^e.ly appli- 
cable to Ibc produetinii of iiidiiKl rial woik, find to iissoei.'ite 
with it, and draw to its lj<>lp, eveiy inlliieiicr- of a f.uvoiii'able 
kind cahmiated to aid il. Th.-it v.e aie now midJiig great 
efforts to inirisluee, a jumUicul sy‘l<.-m of tc«'liiiical insi rijct ioFi 
amongst our workmen is one of tlie (■irc,um^ lances most gr.'ili- 
fying to those wlet will) a wise f u-eHight are trying to iiidoc- 
irijiate the public mind with a sense, of the vital trutJj tliut to 
hold our own in work we riMjiiirc all the aids which science 
can give in bhowiiig us how to iiriprovc tliat work. Tim 
Itoyal Teehniial Commis.Hiom'i-M, (jf wliut low heeii already 
done ami is now being done daily tliroiiglioiit the counlry 
in this direction, give a very (jornplele uceount, Tti Iheir 
report Wi; reb r the learJer for details, span* pr*‘ebiding us 
from giving tlic-m here. Hufliee it to say that everywhere 
our inanufacturciK, our engiiiet is- - all, imieed, engaged in the 
leiuiing industries of the eounliy - are, Jio less than the geuieral 
]aibiic, becoming nijudiy irnprc'i^rd with .a wuise </f the viist 
impiiriancc of the suhjeet, ami are imiking elfort^of n<i ordi- 
nary kind to give facilities for imparling ,a ^ mud Pichnieal 
education to the rdti'-ses who will be bem.bted by it, 'i'he 
difhculty of the task fsJore uh <i(S's not, we have evciy na.soa 
to suspect, lie in the way of cstabbshiug the ediieational 
syBtera re^iuired ; im/ney (tnough and energy enough in its 
application will mA be ^VJ^nling, us they m:v*‘r are lacking in 
any movement wh'-n r)n<‘(; tlie public arrivijat the com luhioa 
that its work is ubrsdutoly m'fv. shary to bo d<me, 'Mm jcal 
difficulty we apprehend in the holullon of the pioldern Isdore 
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nn is not therefore in the cutabliBhine of a good system of 
Technical Education, but in applying !t practically to the 
circumutancofl of the daily work and lives of the working 
cluMNCH, so that they can make it directly and Immedi- 
at-ftly useful to that wf>rk. This opinion— and it is held 
compl<'t/‘]y, and sharesd more or loss sf), by very many who arc 
cniilhtd to give expresMion to it — is based upon sound know- 
ledge of wliat our working-c]asse.R arc, what the circumstancoH 
of tlicir lives, what tlieir habits and modes of thought and 
action aic. 

Difficulty of the Problem. 

lint it is TU)t the htast pnxxling point presented by the 
problem li“f' ire the nation, that its solution everyone rocs to 
be jmnn'dialoly required, While “ tliO grass grows the stcetl 
sliirv(‘H”; 1111(1 the practical applh'alion of this proverb to 
the cireuiriHtaricoR in whi<^li our b'cdinfcal and industrial work 
is nf»w )>la<M'd is obvious <moiigh, In fae.o of the great and ever 
iTKMtJUsiTig eoTnp(}lilion with which our trades and indiistiial 
ciillingH have to conUmd. Tliis consideration, however, must 
only move the nation to make iij) by the tarnesL work of the 
fill lire for llu; grave crrui'S atid omissions of the past. Nor 
must tin: piihlio mind overlook the f net, and be unpnquired 
In <Jeal with it, Dial, llic problem of how host to adapt a 
sysbun of tt'.i'linieRl etdueation. the estnhlisiiment of wiiieli is 
in roiilily the slinplcHt ]iart of the work before the nation 
tr» the p(‘eiiliai‘ cireuinstanees of Die working olasses, will of 
ni'cesMily open up many other problems— certainly more 
than otic— having a more or less direet conneetlon with other 
social condilions. Ho de|K'ndcnt, as It will he found, is ono 
department or circ.umstancc of working life upon another. 
The solution of the intricate jiroblom thus before us, in view of 
interests involved vital to the welfare of the nation, is neither 
inoi'o nor h'SH than simply imperative. 

Jlut this gr(‘al. work in ils^'lf is so many-sldod, cmbraei's so 
many coinideratlons, rc<piiri!H the doing of such a variety of 
work in siujli a vaiiidy of ways, in order to imarl the niquire- 
itK'iitH of BO many classes, and is, as a sysUmiatie wlnde, so 
new to us, that it is only reiisonalile to HU|>poMe that it will 
of neci'Nsity be a long tinuj before we <'an fonmihite a good 
and tboroughly onieieiit sysbuu of National Teelinieal Kduea- 
lion. i\nd this, to bo of really }>ractieal service, must be made 
as closely applicable to the main object in view, and as wide 
and enmprt hensivo in grasp of, or the hold it will take 
ii|)on, Die people, as is the system of primary or elementary 
ediieution now existing amongst us. 

Work in the Estcnilon of Technical Eduoation to the Indnitrial 

ClaiBee required to be done, in Addition to that efiboted 

by Special and Public ClaiBei, Oollegei, and Institatee. 

It does nrd coneern us here to enter into delnils conneet(Mi 
^^ith the diroeiion in which attempts arc being made to esta- 
blish a system of National TeehniL'al Kdueallon by menne of 
such agencies as schools, classes, collegou, and insiitutea of 
Hcieuec and art. It is not hero part of our duty to consider 
how far Du' principle ujHm w'hieh such educational establish- 
ments arc l>ased,an(l Dus means by which they can be n'ndorcd 
tiiori' ellieient than they arc, are calculated to yield tlio 
largest amount of practical work for the great cost which 
their working involves. All that our prcstml purpose calls 
upon us to show is, that whilst those private sohouls and 
pulilie institutiiins can do— have done — much, there is more 
ycl to be done. And this, with their general principle of 
operation, their practice' organiKation,and their limited exten- 
sion— oxeeoiiingly limited when we wnsldcr tbc area which 
ouglit to bo covci'od by them— we fear they cannot, at present 
at least, directly do. 

The very fact that the cstablishmont of those public institu- 
tions is of necessity a costly undertaking, that the system 


they propose to work out Is meanwhile tentative or experi- 
mental, at least to a very large extent— for we have every- 
thing yet to learn in this the now direction of national effort, 
— the very extent of the field which is to be occupied before 
the classes it is dcslrcjd to burjcflt can all be brought practically 
within its sphere of operation,— makes it almost a matter of 
certainty that it will be years before all the good they are 
capable of doing can be effected. 

ihit while the means to hccutg those advantages are thus 
slow of attainment, this gravely important position must 
never lie lost, sight of, that the necessity to give them to our 
industrial w'orkers is immediate and most peremptojy. ITiis, 
in fact, is becoming daily more and more decided. For the 
very cHUses which w'o have named as influencing injuriously 
the future of our tiwle arc increasing in numbers and potency 
every day. The compt'tilion of our rivals in business is 
becoming every day keener and more earnest, while the mere 
number of Die coiiipctitorH is marked with the same feature 
of steady and riijiid increasen 

Wo have said that w'hile public technical classes can do 
mueh, they cannot, as we now see, do all. It is, indeed, 
qiiCNtioried by some whether, after all, they can really do the 
nioHt important purl of the work which now lies nationally 
before us. There are not a few Dioroughly practical and 
Iinidont men who maintain that the real benefit of such 
publitj institutions is to direct, the attention of working men, 
and those coiiiieotcd wll.li technical work, to private sources 
of kno\vl«‘dge, and to inoite them io Uiat (^loso and earnest 
study of books, and the clear and close personal discussion 
oftcelmical points with t heir fellow- students and workfellows 
—which latter cleuierit a very eminent siiicntlilc, as w'cU as 
a Dioroughly practical authority, sayfl, does more to give 
practical knowledge than nil the nitondarice upon schools, 
colleges, or institutes, whlob might be given. 

It might, indeed, be easily enoiigli showu that the practical 
result of all technical teaching through the medium of 
Jcc.tnr<,!H, or the more direct and individual teaching of the 
teciinical class, is to help the student to tmeh orat 

all events to assist him in taking the fullest advantage of the 
t(!aeliiiig of others in the special subjects ho takes in hand. 

Ho fur as seiontliio lectures are c.oncernoJ, they arc not the 
end itself, but only one of the means to an end. If the 
lecture inspires the student chiefly, if not wholly, with the 
idea that what it gives is all that he requires in the way of 
education, it fails -and in a way which docs infinite mischief 
—in effecting the object for which it confessedly owes its 
very existence. Scientific teaching, or rother, so far aa the 
student himself is concerned, listening to what is being 
lectured upon, is not education. It is only an Incentive to its 
being proiM'rly carried out. Hence so many practical autho- 
ritics object altogether to scientific lecturing— purely as such 
—forming any part of techniwil teatdiing. This, however, is 
an extreme view. Tlie lecture proper— for there are UHurett 
and hrumn—uxtiy be uf use, often is, and can, wo think, be 
made still more effectively ust^ful. If it docs nothing more 
than direct the stiubuit to the existence, so to say, of a country 
rleh in a wide variety of j>roducts ready to his hand if only 
dug and l(H)ki'd earnestly for, it will be of value. The student 
must /i/wMfV/tmvel to and through the dominion; must look 
for, in order to and finding, keep or make his own, all 
the treasures which the field of scientiflo knowledge so richly 
jiossesseB, IntNriifual study must thus bo given in order to 
gain individual betiefitt Xhoro is no dcUegation in tho work 
of education. If it is to bo done so as to be of true pnicti(*al 
—that is, paying— service to the individual, it must be done 
alone, by him and for himself. And tho greater the servioe 
ho docs in this way to himself, the greater tho good ho in 
turn and in time does to the community at laiige. 



THE ORNAMENTAL WOOD WORKER AND DESIGREJi, 


roll! OBHAMESTAL WOOS WOSKER AlH) 
DESIONEB, 

Is Cszpentrr ud Joiamr, ebiaflp for Xxterlor Work. 

BEINO OKU OP THE BUB-BBOTIOHB OF THE PAPBB ON “FOBM 
OOLOUB IN INDtJSTMAL DUCOBATION,” 

CHAPTER I. 

Introductory. 

Thbbe are certom priiiciplefl of “Orimmeijtal Drawitig 
and Deftign** which are common to all olauftca of 
** denign,** whatever he the iniiterial in which the 
designer worhis. What those principles are, the 
authors of the papers entitled “ Tho Ornamental 
Draughtsman ” and ‘^Form and Colour in Industrial 
Decoration and ** The Cabinet Maker have en- 
deavoured to make clear to the intelligence, we trust, 
of the most youthful of our readers. If tho instruc- 
tions there given, and suggestions and hints of tho 
most practical character, be closely attended to and 
followed up, the pupils will come to the departments 
with which tho pi'escnt series concerns itself, thoroughly 
prepared to apply their knowledge to tho work of design 
in the ornamentation of vari<ais materials used in tho 
constructive arts. As tho hninchoa of ornamental 
drawing, and the principles ntlecting tho application of 
form and colour in design, explained in the papers above 
alluded to, are common to all ornament as applied to 
wood, atone, or metal, so the “mouldings^’ of which 
in the imper entitled “Tlio Oiiiamental Worker and 
Designer in Mouldings, applicable to all Constructive 
Materials (being one of the sub-scctions of tho 
paper entitled ‘ Form and Colour in Industrial Deco- 
ration *) ” we have given examples, may he said to 
be appliciible to all ornamontal construction. 1'his is 
specially true of those branches of handicraft work 
connected with what may be classed as tho building 
trades, and ia yet more especially applicable to those 
concerned in domestic buildings. In this category we 
include those connected with interior work as well as 
thofe whose labours are confined to wlait may he 
called the outer shell of the huilding. 8o that in 
addition to the carpenter, what we puri>ose in Urn 
present sones of luipors to give under the head of 
“Ornamental Wood Work will addrt.'ss itself also 
to tho joiner and tho cabinet maker. 

OUaf Oharaeteristitt of tho Work of the Britiih Carpenter 
fionnd and Solid Workmanihip. 

All writers on the subject of construction agree in 
according to the British workman the highest merit 
in giving workmanship of the best kind so far as 
stability, solidity and lasting qualities are coiicei-ned. 
This is known to all as “ first-class work ” ; sometimes 
somewhat facetiously— borrow ing a term from the well 
known ships register at Llc^’d's — “ * A 1 * work, Sir.” 
As a rule, this character for giving sound good work 
is eminently well deserved by handicraftsmen gene- 
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rally throughout the kingdom; although it is but 
rigl\t, by way of such warning as a record hove of the 
matter may give, to state that thero have boon of late 
years whispers abroad that if tho workman has no; 
lost tho “cunning of hand and eyo" wliieh disUn- 
guishod his forefathers tlmnigli a long, long range 
of years bofoi'e him, he is not always ready to do 
Ins work in tho sumo spii'it whicli distinguished 
thorn, prompting them to give the very l)est. they 
wero capable of. 

But while all writers have been unai\iuu>us in givitig 
the highest praise to the work of construction in this 
country, they have not been, and an) not now l)y any 
means, so as to ilio claims which this work ])(>ssesses 
to bo considered beaut if nl or pleasing to iln^ t'ye. In 
construction, piiri‘ly as suuli, wo oxitcl, or can exeel 
if we choose to do so; in design of an ornaimMital 
character vreare so far from excelling iliai wo ilisplay 
but very few «\'id(aiees that we ev»^n Icnow whit it 
mi‘ans. Such is tho verdict as given on this j)oint by 
the groat majority of those who (hiim to he, ami havi* 
indeed good crt'dentials to ho, I'onsidored as high 
authoritios on ilio subject Without at all jai^hing 
impury into tho fadd of fa,i‘ts as they exist ai^ound 
us, to SCO wliothor they would justify a v<‘r«lict so 
disheartening as this, we may remark that it must be 
taken with a rosi'vvaiion Ijofore it is admitieil to ))e 
correct. Wo think, for example, tliat it applies witii 
greater force to some bramhos of work than iti doort 
to others, and tliat /is regards one or two it does not 
apply at all. And this for tlio reason, easily and amply 
enough proved by facts, that in point of di'slgn as well 
us in construction, our workmen in certain branchis 
will rank with tho same class of workmen nmt with 
on any part of th(5 Oontim^nt, 

Contrait in Ornamental Cbaraoteriitloi of Conitruotivo Wood 
Work of tho Britiih with the Continontal Carpenter or 
Joiner. 

For the reoder will taikc iioU^ that in this ]>oint of 
cxeellcnce, or tint op|M)sito delicii-ncy in design, our 
workmen arc always contrasted with ihf! workmen of 
ContinontuI Knrope ; of whom ilio French arc nsiuilly 
said to be the highest in the scale of crealiems of 
beautiful objects — that is, good designs, lint ii 
tho French w'orkmen lire tlius considered by many as 
IxMirilig away tlio jjalrrj of excellence in design, vc 
neveHlioloss inainUin that tli(*rc arc soi/m br/imdies 
in wdiich our workmen in this rcsj)cct arc almost, 
some in which th(‘y are quite «squal to them, and a few in 
which they are unmirttakahly su|s*rior. We do not here 
quote instances in pnsjf of this, Ociyision will be had 
again to refer more specially to the ass^u-iions wi? have 
ma<le, in con.sideritig tho details of cerUiii dupartuaajtH 
of work. We meanwhile merely oonUait ourselves 
with stating our opinion, which wo Ixslieve to be 
amply justified by facte, and wo are glad tliat we 
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con do RO, fls to praise is, we think, always more 
delightful than to blame. 

But while tins is so, we fear that those writers who 
mete out censure to our workmen as failing in ability 
to design “iiot that they love to rensuro, but simply 
because tliey fool cornj>elled to do it — are more than 
justified by what /ire the facts of the case in, we 
are constrained fo say, moi’o tJian one bmnch of con- 
structive w'oik. What those branches are we shall 
Jiave occasion to specify as we proceed ; inoanwliile, 
w’e presently name one branch, Icing that to which, 
m eMnso, we purpose to direct the attention of the 
reader, os a/Tording ample scope for the censure of even 
the most severe of ci itios. 

The External Timber or Wood Work of onr Yarioui Stmotaros* 
chiefly Domeitio or Civil, ai Certain Claiiei of Fublio 
Bnildingi, oharadteriied by an almoat Total Abienoe of 
Ornamental Featnrei. 

Tlie external parts of buildings made of timber are 
here considered as those capable of receiving all the 
value w]ji<^h ornamental design is so well calculated 
to give to lh(*ni. In o]>oning up this subject, and 
noting in wliat direction this conHure is, and so amply, 
justifaul, wo labour under the disadvantage of having 
but comparatively few examples of actual construction 
in this country, whicli would act as contmslivc s]>eci- 
mens, from whicli w(* could illustrate the faults or 
deficiencies of (In* one by the good points of tlie other. 
For it is but a simple statement of the fact, that of 
ornairi(‘ntnl wood work in the branclies of construetion 
w'C hav<^ generally rebnved to, there is with us an 
almost nbsohit<‘ hu‘k, From “ Dan to Beersheba.” 
from iTobn O'droat's house in Scotland to the Land’s 
End in (.k»rnwal!, it might ho said with almost perftvt 
accuracy, the “land is all-ogether barren,” Jt is only 
liore and there, and like angels’ visits, few and far 
lietween, that, one meets with attempts at applying 
dcsipi to those parts of ordinary and genoml coiv 
slructioti for w hieh it is specially designated as adding 
greatly to tlu'ir b<‘auty, while in no way interfering 
with their utility. Wo say attempts are made; 
hut it is dotddful whether this term, witli whnt it 
involves, is truly applicable. Such as they are, they 
look vastly more like matters of meio chanw, springing 
up one kiiows not how, emanating fi-om one knows 
not what. Of most of those wo fi'ar it may l>e said, 
as w^as said of Topsy, or rather as Topsy said of her- 
self, in the well-known novel, “ ’spects 1 grow-ed.” 

Siohneii In Orntmontol Doiign a Marked Charaoterlitlo of 
Oontinentil Timber Work in Domeitio and other Btinotnree. 

To know what design in wood W’ork is, as applied 
to the ordinary everyday structures in which timber 
is used, we require to cross the Channel and take a 
wdde sur^^y of the various countries of the Continent* 
Hint turvey Las been made, to an extent not often 
granted to dwellolw in this country, by the WTiter of 


these present pages; and ho can with all truth aver that 
till he became practically acquainted with what almost 
every workman in wood — even nearly in the smallest 
village — on the Continent can do in ornamental wood 
work, he had not the sliglitest conception of the fine 
medium which ordinary wood construction affords 
for the exorci:)ie of design in ornament. Privileged 
to extend his researches over many districts widely 
sepirated from each other, and making the subject one 
of special inquiry and study, he was surprised and 
delighted with the examples he everywhere met with. 
And this excellence in wood w'ork ornamented was not 
confined merely to wdiat were, in point of foot, elaborate 
combinations of timber “ in the large,” but it was mob 
with in every detail, however minute. Nor was it 
a feriture of this department that its work was dis- 
played in stnictures which were, from their size or 
from their c^ost, considered as important works. It 
was mot witli in strui^tures of the smallest and indood 
of the liumhlftst kind. Everywhere examples w’oro 
met with in this loss ambitious class of work in which 
it was evifloncod, beyond a doubt, tliat the woikman, 
out of a pure love for the elegant and the pretty, 
if not for the truly l»eautiful, would not erect his 
yinictnre, however simple, without throwing out upon 
it some marks, more or b^ss striking, of this love. 
Indeed, in many out-of-the-way corners the writer 
met with structures wliicli tlie workman had erected, 
with but little clianco of many eyes— save liis own — 
looking upon it ; yet upon which he had lavished a 
true wealth of artistic design. And this not only in 
the gi'neral f(*atures or toul msemhU of the structure, 
but tlu'onghout all its details. Not a few cases of this 
kind were iiu't with, showing beyond a doubt that 
the workmen liad somehow got such a love of design 
that they could not help displaying it, oven in work 
which, with us at least, w’ould be classed almost as of 
the meanest. And bo it reniomliored that tlie work- 
men who produced many of these fine designs were, 
in every sense of the term, but what wo hero call 
ordinary workmen.” 

The Trus Feeling In the doing of Ornamental Work which 
liei at the baie of all True Artiitio Work. 

And it is worthy of note that the feeling which 
piximpts the workman ohrond to do beautiful work in 
the w’oy we have alluded to lies at the root of all 
artistic work. He who is possessed of the true artistic 
spii'it docs beautiful work because he likes beautiful 
things. And he does it with aa much plcasuro and 
eamestness if he knows no one is ever likely to ece it 
but himeelf. The notion of an audience, or rather of 
a number of spectators, never seems to concern him. 
He is not thinking of applause, or of payment for 
his work; whether he receives the one or pockets 
the other, or whether be receives neither the one nor 
the other, he does his good work all the same. Para- 
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phrasing a well-known phrase, we may aay of him that 
he stands as if saying, “ Here I stand,— I can do no 
other than I do.” And artistic work in the true 
sense of the term will never exist amongst us as it 
ought to exist till thii spirit spreads widely amongst 
and influences our workmen. It is only the love of 
the beautiful which prompts to the execmtion of 
yfork considered in and by itself beautiful. And 
although it is quite legitimate for a workman to 
try and “ better himself ” in the world, as the phrase 
goes, by having a knowledge of design, ho may rest 
assured that if this be his only motive he will never 
occupy aught but a very subordinate position in the 
ranks of designers. As the doing of duty in every 
rank of life is the first consideration— come wl\at come 
may, this and no other — so, unless the ait workman 
be imbued with a love of the l)eautiful for the siike of 
the l)oautiful, lie may profess to bo a designer, but a 
designer in the highest and truest sense of the term 
he never will become, 

Ejoeptioni to the General Lack of Ornamental Features in our 
Timber Work. 

In saying, as wo have already said, that of work 
of this kind our country is altogether barren, we did 
not intend to convey that wo had purposely or other- 
wise overlooked tlie fact that there are some excep- 
tions to the statement, Hut wo do not hesitate to say 
that these are truly exceptions, arul that the rule is as 
we stated it. Our position, in point of fact, is precasc^ly 
that of the writers we have alluded to, who maintain 
that while our workinon excel in construction, they 
fail mihcrnbly in design. Tn averring this it is not, 
of course, understood that they deny, or would if put 
to it deny, that there arc some— very many— work- 
men who show power in design as well as skill in <?on- 
struction. All that they mwin — and it is much — is 
tliat 08 a rule thoir criticism is amply justified. So, in 
like manner, wdiilo admitting, and gladly, that there 
are not a few specanions of fine designs in woodw’ork 
to be met wdth amongst us, we do aver tliat as a rule 
^ there is an almost universal Ijick of it. Indeed, 
keeping to the general class of ordinary, or if the 
reader prefers it, common work, and compaiing it 
with the same class abroad, this might be wiid with 
all safety— -that the art of design in wood, as applied 
chiefly to external work, does not exist in this country. 
And this does not ignore the fact that there are 
apeoially good examples designed by able architects 
for special and generally costly work. Nor does 
admission of this fact in any way disturb— certainly 
does not destroy — the rule as we have stated it in the 
baldest, plainest way. 

Popular Artittio Taita, or tho lack of it, tho Cauio of tko Low 

Condition of our Timbor Work, omamontelly oonaiderod. 

— Zta Beaetiou on tho Praotioal Workort. 

Ail we have said, its truth can he proved any day 


and anywhere— proved negatively, if not positively. 
Only that the tnith is not popularly obsei*vivl>lo, us in 
the popular mind there docs not exist any roeognition 
of the fact that a want exists. What one does not 
know of or think about one does not wisli fi^r. And 
if we do not miss examples of beautiful work around 
us, that in all probability arises from the fa(d. that we 
do not know what the iMwitiful is. This, indeed, is 
one of the most cogent reasons whicli exist for wlmt 
is called art edm^ation, 'J^liis does not I'onsist, ns 
some seem to think it does, in moridy teaching ]»upils 
the rudiments of the art, or even going far luyond 
this, but it includes a cultivation of the b(*autifiil, a 
desire to have it and to exercise it ivu\ongst the people 
generally. In truth, this cultivaiiou of a tiisle fiir 
the beautiful is that on wliich a di'sire to be able to 
execute beautiful work is based. Yov ili(? very lirst 
step w’e must take in the unjuireinent of any branch 
of knowl(‘dgo is to become aeijuainted with the fact 
that 'WO are ignorant, and that it would he tho 
better for us if wo had knowledge, I’lie first step 
to acquire anything is to ]k> aware of the frwt 
that wo lose something by having it not. There 
is no witisfartion so supreme that things are right 
like the sntisfaetion whi(‘h the truly ignorant poss(»ss, 
Wo make the first st(‘p in getting tlnun to acquire 
nil the inestimable atlvanlsiges nf knowleilge when 
we get them to perceive that they are Iosim’s by tho 
lack of it. We may educate, as we term it, any 
le.nnher of art Nvmkmon l>y the rules of art, and g(‘t 
them to excel even in the di*tails of its |>rM<*tie(‘. Hut 
this is not art in tlie highest senses of tlm term, any 
more than it is knowledgi^ wlneh so nmny scholars in 
our s(‘hor)ls have when they lefivi^ s<'hool cratiimed 
only with fjujts w hich ilu^y may be able to repeat widl 
enough, hut of which iliey (?an make no use, simply 
because it is only tins mere faculty of repet ition or of 
memory whicdi has ln'cn exercised, not the int4‘llectuiil 
faculties wlncdi grasp the true meaning of their 
“ lessons.” 

Haoent Improvamanti in tba Popular Taita in regard to 
Beantiftil Work. 

Much of this w'hieli wo have s;dd lies redly at tho 
root of the rnovememt know'n ms tin* etdtivation of' 
a taste for the beautiful amongst tie* gom*ral popu- 
lation — that is, amongst tlios<* who have /lo pnictical 
or business (fonneetion W'ith artist i(r w'oi'k as a (tailing, 
nor are even likely to exercise it ms an fuTomplishment. 
This cultivation of a taste for the iKJautiful has l)oen 
and is still advocated by many, on ib(3 umide gT*ound 
that by having it they will be all th(^ liiglier in the 
scale of civilization; and possess a new inte]le(jtual, 
and in itself a pure ph^asure— leaditig to a difsire 
to leave and to dislike tlio lower and grovelling 
pursuits and tastes which in truth aflix't so many of 
our people. 



The Drawing Soard and J. Square, although Separate Fieoei, 
yet praotioally form but One Appliance. 

And first as to the drnwing board and the J -W]iiuri', 
which, alihoupfh two distinct and separate appliam'<\s, 
may bo looked upon as lait one, seeing that the 
board is usi'less for pnu;tical purposes without the 
T-s<piaro, and vice vcrsd, Tliose two may bo called 
the primary or esw'ntial a]>j)liaiie<»s of tho draughts- 
man. Didereiit sir.i's of drawing boards are recjuii-ed 
for wide junetico; but for the hegiuuer, one lifteen 
inclu's long by tw(*lv(* widi* will be sutiicient. It may bo 
and is made of dilleroiit kinds of w(M)d, as fir or pine 
(of those ml pine is the best), Spanish mahogany, 
or apple or pear live wood. Ihit of whatever variety 
of timber it is made, it is essential that the wood 
used be tluminghly well seasoned, ISfany lionrds ai*e 
made of badly seasoned wood, and the result is that 
they war]) and twist so inueli that they are useless 
for the doing of (^orrtvt work. The best j)laii for the 
young draughtsman to swui*o »i dniwing boanl of 
well-s(‘asom‘d limber is to pur(*hasi^ it fi-oiii one of 
tho old-established mathomatitvil instriimont makers. 
They keep a st>oek of timber on hand for a long 
period 1)01*01*0 making it up into kmrds, and any 
wliich do warp, or give signs of warping, they lay 
aside for udjustmeut when fully seasoned, and until 
they are so do not offer them to their customers. 
Established houses have a re])utation to lose, and iliat 
the young draughtsman may ]*est assured they 
not impenl for the small profit they could make by 
selling a dofeidive l>oanl 



piece y*. There are other methods of constructing 
tho drawing board so os to prevent it changing its 
first accurately given form ; but at present we give 
only tho simplest and the most generally used mode 
of construction. 

Not only must tho surface of the board abed, 
fig. 1 , bo absolutely flat, no one part of it rising 
above another part, but it must be perfectly ** sqiiai-e." 
That is, tho ends, as a 6 c, must bo exactly at right 
angles to the sides a b, o d* Any deviation from this 
condition gives rise to a proportionate inaccunicy of 
adjustment, which w’ill show itself in every dm wing 
done on it. All boards, when made, ore accurately 
adjusted so as to 1>6 << square” or *'true,” as the 
teolinical ])hrase is, but if kept in stock for a con- 
siilerable time they ore apt, even when what has 
Wn thought to be well-seasoned wood has been 
used, to warp a little, and should be adjusted before 
being purchased, A very simple test will enable the 
draughtsman to see whether the board is accurate. 
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be “flvish,” or on the wime level, tlie rtoek or head 
The T-pquare, which is ft constant companion of being so much thicker than the Undo, a iKutiim ot 
1 winff boai^, is so called from its shape, which tho tliickness of a a will bo below the blado 6 t>. Thie 
1 iJ^rescmblos that of the letter T ; the head or position gives a sliding surface to tho head, for 
' b* a fiif. 2i angles to the blode, cotatnot with the edges of tho drawing hoard. But in 

fr Tl»^' should bo of tho aamo length as, or a more carefully constructed J'squnros, a special sliding 
little over, that of the hoard, as o 6, c d, fig. 1. As in edge is formed in the head or stock (i a by catting ov 
the case of the hoard, it is absolutely essential that tho ploughing oat a deep “ rebate ” (see “ The ^omer”), 
f -square should he, what its name, indeed, assumes it as at d e, showing part of the edge of t\\e bhvdo b li. 
is, namely square, otherwise it docs not deserve the Anond view of Ibo stock is shown at /.f, with the end 
Ti pmp That is, the head a a must bo exactly at of the blado let into it as at y. A side view ot tho 
right angles to the blade b h, or vice vend. Tho head T'»quare as a whole is shown at head a' and blade 
and blade are so secured together that the head a a b' b', tho rebate lieiiig shown in head, 

can be slid or movod along any of tho edges of the Th# Drawing Bond sadj' square in the drawing of Lias* 
boui'd, while the blade b b shall lie quite flat upon parallel to and at right angloi to oacb other, 

the surface in contact with it throughout its whole Tjines parallel to tlie sides a !>, << r (iig. 1) of the 
length, and so also that the part of tho head in btsird, or others j)arallel to Ihe ends « rf, br, or parallel 

oontnet with the board shall Ho flat against the edge <«ii> atiotlier, can bo drawn liy tlio aid of the 
throughout its whole length. There are more ways and obviously lines at right angles 

to oacli otlior in tliosn iliirct.inns, and tli(‘n tnin.sfiTrt'd 
by ponoil io imy slioot or jnVcfi of j)a]M*r lyin/jf upon 
and 8o(*uml to tin* Kin'f’iKv, a /mj r/, of tho dijiwiii^^ 
board. lJut tlio drawing' of sucli linos is p'onlly 
bioilitatod, and othor liiuhs at (*ortain an^dos to thoso 
tall 1)0 rondily dniwn, })y tbo iis(‘ of otliiu* and siinjilor 
iipj)Uanocs, 'Plioso will bo oxpliiiiuul pn'sontly ; but wo 
now liiivo to f'ivc a fow roniarks upon tbo jiapor, and 
tbo luotliods in uso for it to ilio board so that 

it shall remain iixod in uiio position from tbu oom- 
iiioiK'oinont to llio flnisbing of Ibi^ drawing wliicli is 
in luiiid. 

The ClMiei or Kinds of Paper used by the Drnughtsmnn 
or Student. 

Tlievo uro two kinds of paj>or wbi(di tlio young 
draughtsman may uso, Tim lirst, for siiporifu* draw- 
ings, is that know'n spooiully us “ drawing " j)apor. It 
is inudo in various sizos, oaoh sizo Ismig known by 
tlmn one of pfcuring those conditions. The fumplest u distinctive naine — as demy," “ royal," ** imperial," 
way to connect the stock or head of the “antiquarian," etc. This kind of paper is made by 

its blade is to screw or othei’iis'ise fasten on tho end of hand, and is thoruforo very expi!nsive,and is gonorully 
the blade to the central part of tbo upper Burfa<ie of known as “ Whatman's," from the nanmof tbo iimkor, 
the head. But a neater way is illustrated in fig. 2 who gained a high reputation for tim making of 
at 0 . In this the end of the blado 6 6 is finished paper of this class. There are oihm' makers ; hut 
with a dovetailed part o (see “ The Joiner " for illus- the draughtsman can easily see hy whom any pa{)er 
trationof dovetailing), this being let into a correspond- ofTered him is made by holding tho shoot up to tho 
ingly shaped part cut out across the upper fatje of light, thus making tho wiitor-inark laune of the maker 
the head or stock a a at its central point. When the obvious. Drawing pai)or of tliis class is miwlo of two 
two are placed in position, the part c is secured by kinds— • one with , a higldy jsilisliod or glazed, tho other 
two small screw-nails, or glued or cemented. A sliding witli an unglazi.'d ami s(Uiiowliat rerngh surface. Homo 
surface or shoulder for the head a a to slide along draughtsmen prefer tlie glazed or smooth-surfac<td, 
the edge of the drawing board, m ah or h c, fig. 1, is others the rough. We should recommend the young 
obviously provided by this construction, as the thick- draughtsman to use the rough or unglazcd. Tho 
ness of the blado 5 &, fig, 2, is always much less than surface of this takes a better bite of the pencil, and 
that of the head a a. It results, therefore, that when takes on ink and colour much better than the [mjier 
the end c of the blade 5 5 is let into the head to its with highly glazed surface. 
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draiiglitfiTnan i« macliinG-made, woven, or wob paper, 
Tliifl iH often described as ** eartiidge paper " ; although 
machine or web papers are now made of a kind vastly 
superior to the old cartridge paper, and those kinds 
are moi'oover now very moderate in price. It is much 
clieapor than hand-made, though not nearly so strong, 
and is therefor*^ ripw rc and tear up when fastened by 
the siretcOiing nioihod of securing it to tlie board about 
to be described. It may be had in almost any length, 
}»eing made in a long web and rolled up. The width 
is /ilso very considerable. Although inferior in quality 
to linnd-mado, it is quite good enough for the young 
diTiuglilsman to eominence his pwictice with, and is 
indeed lai’gely used by practical men for the making 
of rougli or first dniwings, or sketch <lrawiiigs, and 
also for mu(di of the work of woiking or large-scale 
dniwings. There iir(% of course, dillerent qualities of 
this (tlass of paper, ami the best is not so very inferior 
to baml-made, so that it snflicos for a pretty wide 
rnngo of work in ihe dmwing oftiijo or school. A 
still cheaper and jxu'haps more oa.sily punihasod class 
of pa|Mir may he used by tlio young <lraughtsman for 
bis early lessons. This class is made up of the dilHTOut 
varieties of printing pipers, some of which are very 
sti’ong, and a/Tord good surfaces for f4ikiiig on colour 
and ink and giving a gcMid bite to tlie pencil. We 
have known young men not blessed with a well- 
tilled purse do a vast deal of excellent designing and 
skef/cbing work, and even of welbtinisbed drawing.s, 
with that class of paper —known sfunctimes ns *M.ea” 
paper, Ixjing that used for the wrjqqnng np of their 
modieino IkiIUos and packets by druggists. Sixpcuice 
w’ill piiveliase a pretty good stock of tliis, and bt‘ing 
by no means a poor (]uality of jiaper, it will bo found 
useful for a variety of purposes - writing as w'ell os 
drawing — in llie carecT of tlio technical student. 

The Different Method! employed in Fnitening the Sheet of 
Paper down to, or Seonring it to the Peoe of, the Drawing 
Board— Temporary Faiteningi or Fizingi. 

The quality and class of paper being decided upon, 
the next point ivith which the young draughtsman is 
cK)ncernod is the fixing or securing his shoot to the 
surface of the drawing board, Tlici^ are two classes 
of methods for doing this work ; one may bo called 
the temporary, the other the fixed or permanent. The 
temi>orary may be done in two ways. First, by using 
small squares— say three-eighths of an inch or there- 
abouts on the side— of gummed piper. The drawing 
paper l>eing placed as square or straight upon the 
surface of the boai*d as possible by the guidance of the 
eye, or by the use of the T -square, is fixed in position 
by applying one of the squares of gummed peper with 
its gummed surface moistened to each corner. The 
square should be placed so as partly to take hold of 
the surface of the paper and partly of that of the 


board, and, in pressing it down with the thumb, it 
should have a slight twist or turn given to it, which 
will make the hold or bite of the gum all the firmer, 
We should advise the draughtsman to make his own 
gummed paper with a good strong solution of gum, 
made also by liimself (see a note on this in ** Technical 
Facts and Figui'cs " in the fliipplementary Section). 
The margins of postage stamps may lie used for this 
purpose, but the gum now used for them is not by 
any means strong or adhesive, and is not in this 
respe(?t at all cipinl to the gum employed for gumming 
the old or red postage stamps. 

The second method of tlio temporary class of securing 
drawing paper to the drawing board is by ‘^pins," 
generally known as “ drawing pins,” Tlicse are little 
discs of brass, of various dimneters, usually three- 
eighths of an inch or “ thereby " — to use a word well 
known to most practical men. In the centre of these 
small s}iarp-|X)intcd stool studs or pins are inserted, 
being in the best made pins screwed into the disc, not 
merely riveted, os in tlie cheaper forms. We should 
recommend the draughtsman to purchase the boat 
qnnlity, wliiob will prove the cheapest in the end. 

Defeeti of tbo Uetbod of Temporarily Seonring Paper to 
tbo Drawtng Board by Keani of Pios.** 

Of the two methods named in preceding paragraph 
we should wiy the first., or giiramod-papcr fasfcening, is 
much better than the second, or drawing pins. These 
obviously make distinctly markwl holes or apertures in 
the surfnee of the drawing board nt every point at wdiich 
theyai’c used. And t liisnot only in time by constant 
use disfigures the surface, but, worse, tbo holes fre- 
quently are found to be the cause of annoyance and 
great loss of time to the draughtsman. For example 
— and this is not seldom met vnth — ho may find, in de- 
scribing a circle, that the centre of it is precisely above 
one of the holes in the drawing board made by a pin 
formerly in use. If tbo ciivlo is to bo described only 
once in pencil — or twhjo, if the pencilled circle has to 
bo inked in — if the dnmghtsman has the ** light hand ” 
lie should aim at securing, and the paper is of the best 
quality, or thick and tough, the probability is that Ids 
bow compass point may not pierce the paper. But 
if he has a ** heavy hand,'’ or if he has to describe a 
good number of circles from the same centre, or use 
the centre frequently for measurements, etc., he may 
find, when his Ik)w compass point does pierce the 
paper, that, passing into the drawing-pin-hole in the 
board surface beneath, such a “wide- gaping aperture” 
will be made in the paper as to dispel all hope of 
describing circles from such a centre accurately, No 
doubt, in such a case the little appliance used in 
such coses, as when many circles arc to be described 
from the same centre, may be employed. 
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THE TECHHICAIi POINTS CONNECTED WITH 
THE EXFIOTHENT OP POEM AND 
OOIODB IN INDDSTBIAL DEOOBATION. 

CHAPTER I. 
liitrodiiotory. 

The purpoRft of all decoration is to benutify tl\e object 
to which it is applied. We do not hero propose to 
enter into the diwenssion of the question as to whiit 
constitutes beauty in an object of art. What has 
been said u|>on this much disputed point — at lotist, 
as much of the discussion as is useful for our general 
purposes — will be glanced at in succeeding paragraphs 
in this paper, and more incidentally in other j)aiM»rs, 
as ** The Ornamental Draughtsman/* “The Cabirujt 
Maker/* etc. We liero take it for granted that the 
artist wdio proposes to apply design to decoration has 
in his mind tlio principles of what constitutes beauty 
according to our best authorities ; otherwise ho is nob 
prepared to cany them out into practice. Our present 
purpose is to give a general stalemoiit of the prin- 
ciples of decorative art, following this up w ith some 
remarks under sej)arato heads, showing tludi' spc'crial 
application to certain depart ments of art inanufaeliire, 
such ns pottery, wall den^oration, and the lilcc. 

D«oorstlo& of Form. 

And first os to the decoration of form. And hero 
the young art student must bear in mind tliat wo are 
row considering those objects wliich have a certain 
^hape or configuration giving solidity — the tenn form 
in the meantime not comprising thof^e shapes of 
surface whicdi liavo an outline no matter how varioil 
in configuration— that is, which have surface only. 
The first or primary principle wo start with is that tho 
decoration adopted — whatever be its style — sliall not 
intorforo with the true or original form of the obj«»ct. 
Take, for example, a Greek vase. This, so far ns its 
form is concerned, may be divided into throe parts : 
first, the body, comprising the bulk of the vase; 
secondly, the neck ; and thirdly, tlie base. Take first 
the base, as treated in Greek art. Tho decoration of 
this part consistecl in the avoidance of all cross or 
angular lines, and in the imparting to them a per- 
pendicular or vertical direction, so that the Ixaly of 
the vase would spring from tho base ns naturally as 
the flower from the calyx. The base or foot generally 
was decorated with bands of vaiydng width ; the lower 
part, or what may be called the plinth, having a band 
broader than the parts which re^od. 

As regards the body of the vase, where it spnngs 
from the base, or “ foot ’* as it is teclmically cfi]l<^, 
the lines spring upwards, pointing towards tho upper 
part or “ neck *' of the vase — embracing it, as it wore 
— after the manner shown in the illustration of a vase 
given elsewhere. There is but little doubt that 
this principle of decoration was borrowed from nature, 


ns in tho grow'th of plants and flowers, in which it 
w’ill bo found abundantly displayed and moat sug- 
gestively illustrated. Those linos are, as seen in the 
illustration (fig. 1), sharji-pointod or lancet-furmcMl, 
And above tho tenni- 
nation of these there is 
usually a band encircling 
the vase, This band 
forms the base for tiio 
decoration of the body 
of tho vas<‘ ; and as a 
rule — w'ith, of courc, 
exceptions - the height 
of this hand frain tlio 
foot is nhont one fourth 
or thcreak)uts of tho 
height of tho vase. 

Above this lin(» of tho 
l)and tho principal deco- 
ration of the body (<f ) of tho vase h(‘gins. This decora- 
tion was diet at(?d by the list* to which tin* vase wash) hi^ 
a]>p1ied. A very fr^muont stvl(‘ of dt*oia‘af ion <*inployo4l 
for tho ornanuMitation of lids jmrt or l»ody of the vasi» 
is w'hat may he eallml tho “ pnxM'Shional,” w a line' 
of dancing fauns, satyrs, ami vestal virgins encircle th(» 
vase. Such vaK(*s w'er<^ in all probability dt^ignod for 
and us<h1 in religious pi-ocessions and ctM’enioni(‘s. 

Above tlio piocc'ssion of figure's, just on the shouhh'r 
or point whr'ro the body of the vase begins to taper 
into the nc<di, hands eiudrcle tho ]iart, Those are 
usually (wnamontod with floral decorations within or 
hclw’cen Iho hands. Then (»ncirclitig the nock oomofia 
Rorios of bands, generally with poinU'd forms bet w'oon. 
At and upon ilio lip comoH tlio ornament known as 
tho ocliinuR moulding, or egg and tongue, iho oiit- 
liiio of which is tli(M|uarter round or ovolo (see the 
ForioR of papers whicli take up tho Kul)j<»<‘t i)f the 
Designing of Mouldings, and tlio distijudion between 
the Grwian and Jteman styles). 

Tht Frinoiple involved in the Foregoing Botnarki ai to tho 
Decoration of Form. 

Tho reason wliy wo have givt'n those j-xplioit 
remarks w’o would wish to make vojy olivious U) tin* 
pupil, showing him tho manner in which tho Gi^ks 
(lecoraiod tlioir vases in the way doM'rils'd, and which 
Huoco(*ding generations Ihrcaigh many ages liavo felt 
find declared to be right. Tlio student will observe 
that the deo/>nition tiicy oinployofl in no winti ininrftml 
with the shape or farm of the vase. If ho has any 
dilficulty in at first con<*oiving how d(x*oration could 
alter form”, he has only to consider that, by adding 
to the form of a vase lumps, no to <lesignate them, 
of fruit and flower project ionfl — to wliich wo cannot 
honestly attach the namo of ornament— it ix by no 
meana a difficult matter to alter the form of any 
vwo, however elegant in its true or pure form. To 


y 





Fig. 1. 
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put the point in an absurd, yet perfectly tnithful 
way, one ini^djt niako a v#ifie assume the shape of 
an iiiiliewri rook, or some grotesque fabulous aniuab 
Kxariii)l(!s — too abundant, unfortunately — may be 
met with daily at present in the shop windows 
of our towns, the pwxluct of what is called ‘*art 
mam I fact lire*” What claim to this title such mon- 
strosities liave, wo leave the student to judge after 
what wo have SMi<l and liave yet to say. The only 
merit we see in such decorations — if so they may 
1)0 called— is tliat they can be easily knocked off: a 
fat<< or rosuit disvoutly to be wished, as there would 
then be some chance of seeing what the original or 
true form was. 

True Decoration doei not interfere with the Natnre or Utility 
of Form. 

The above remarks must be taken as involving 
principles apiilicablo to the decoration of the surfaces 
<»f all forms, although th<‘y ar(» specificjilly illustrated 
by those forms known g(‘TH*rally as vases. From these 
prineijiles tlie spc'cial canon or rule to be deduced 
is tills — namely, that no matter what the foi-m may 
he, its decoration should never interfere with the 
|>urpose for whicli the ohjec^t lias been made. This 
may be here illustrated, and with a direct practical 
purpose, by a boat. This, the prodiuit of the inven- 
tive ability to design and the moehanical skill to 
(jonstnuit which man possesses, is designed to over- 
come or master the physical dilliculties ai'ising fitiin 
the known characteristics of water, wliicli iiaiuiully 
presents obstacles to his progress of locomotion in 
going from jiluco to jilaco- in brief, to bridge over, so 
to say, what would be as impassable gulfs separating 
localities. And this briilgiug over of otherwise im- 
passable spaces is done in such a way, that while 
wo obtain facilities for })i*ogressing rnjiidly, we at the 
sumo time secure prsoiial comfort in being kept from 
contact with the water, and comparatively absolute 
wifety from its known daiigt'rs. Now, a boat which 
thus serves tlie practical purposes of life, and in this 
sense tuny be looked upon as a thing of utility only, 
possesses other nttiibules. Amongst those, and 
specially siniiding out in the most marked manner, is 
this — that it is a ** tiling of beauty.” What a l)oat 
displays in this way, and what other things, and 
gittmlly suggestive, a .botit shows and teaches, let 
the remarks of lluskin on this very subject testify. 
How deeply suggestive this to many minds the 
commonest of comm 6 n things is, tlie reader will 
learn if he reads wdiut this finest, as he is the most 
honest of all winters on art , says about it. If for 
the first time, he will no doubt to liis surprise find, 
that there are things about so simple a thing as 
**only a boat,” of which his philosophy had taken no 


previous cognisance. ^ Now, the art student, if coming 
newly to the general subject of artistic treatment of 
objects, may think it a somewhat strange thing to 
talk of the decoration of a lioat. But boats have 
from the earliest times been decorated, and decomted 
they often are now. And, apart altogether from the 
question os to the propriiity or otherwise of deco- 
rating or ornamenting a boat, which, strictly speaking, 
is designed only to do hard work and withstand the 
buffets of wild wastes of water and of boisterous 
winds, we take its decoration as hero simply, but 
as we think offcclively, illustiatiiig the point with 
iho importance of w'hic.h wo are endeavouring to 
impi'oss our j*cader«. The decoration of a l)oat may 
be produced in two ways : first, by having ornament 
external to its suifiufo ; and second, by pierced aper- 
tures of various forms passing through its sides. 
Take first the external ornament. But a moment’s 
consideration w'ill suffice to convey to the student, 
that the first essential attribute of a boat, after the 
puiposes of strength to contend with subtle yet 
ever powerful forties are secured, is tliat it shall 
glide easily, and so to say softly, through tlio waters, 
wliothcr tliese be in calm or tormented by tlie fierce 
winds into a howding waste of rostlcsB waters. Now 
lei the student contteivo for a moment the efteot of 
externally dcjcorating a boat— on what we have called 
the ** lumpy ” printfiple— as illustrated in some of the 
forma of vases, etc., of raodtTn art monufactures. 
The mere mechanical resistance offered to the boat’s 
progress through the water, whether oar-impelled by 
force of sinewy arm or by the breezes of heaven, by 
those excrescences, or “ lumps ” of ornament ao willed, 
would obviously interfere with the principle of utility, 
which is the very rainon tlctrCf or reason for the 
boat’s existence. And thus this stylo of ornamenting 
or decorating a boat would, in the great principle 
we have been enforcing, be condemnod. And this is 
altogether independent of the queation of the beauty 
of the form, which might be either carved out of the 
solid wood of the boat’s timbers, or formed separately 
and mechanically attached or secured to its sides. 
Those fonns might or might not bo beautiful ; but 
whether beautiful or not, they would, t-o put the 
point in bluff language, as befits the subject, have 
no business to be there. The same principle is illus- 
tnitod in the second of the two styles, by which only 
w’e have said a boat can be decorated — namely, by 
pierced apertures made in its sides. Hero again, 
as before, let the student conceive the effect of 
decoration of this kind upon a boat. W' e have said 
that one of the attributes of a boat is that it shall 
do its work quickly, that it shall receive the motive 
impulse of wind or muscle, so that none of it be lost 
or squandered away. 
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TILB ntOBT XAXE&t 

The Details of hib Wore and the Fbinciplbb of its 
Fbooebbbs. 

CHAPTER L 

Iiitrodnotory. 

It would be a comparatively easy thing to enlarge 
here upon the importance of what is cnlled the 
** iron trade ” to the country, how much it has done 
to extend ita commerce, and to create, inoreaKe, and 
maintain its high influence as the wealthiest and most 
powerful country of the world. Other ti*ndos, as 
that of the cotton manufacture, may excel it in the 
aggregate value of its yearly output or prodiuftion; 
but as agriculture claims, and justly, to bo the 
oldest and most honourjiblo of all the callings by 
which man makes his living, as without its produce 
neither he nor his neighbours could live, so in like 
manner may the work of tlio iron maker be wiid to 
take precedence of that of all other industrial branches, 
inasmuch as his produce is tiuit absoliitt‘ly essential 
to the carrying on of their tmdes. The cotton and 
other hranclies of textile inanufactnros, to say nothing 
of th<» wide and varied list of otheu* industrial ai-ts, all 
requir(3 machines to winy o)i their dillerent pi-oeesses, 
and without iron those machines could not Ih» made. 
Their pi’eseruu^ is one of the first lu'ccssities of every 
brunch of industrial work, Jiiid tlu* material of which 
they are <?onstructed c(»mos from our iron works. 

Brief Gtla&oe at the Early History of the Iron Trade. --Its 
Practical Teohnioal Leisoni. 

Those of our readers wJio liave travelled much 
through, or are otherwise acquainted w’ith the topo- 
graphical features of our country, know tlioso localities 
wdiich are described in trade journals and in com- 
mercial circles as The Iron Districts." Such districts 
as wo shall briefly describe, with all tluar peculiar and 
suggestive circumstances, — presently for practauil pur* 
poses to be further alluded to, — exist in diflerent 
parts of the kingdom. But it is only in a few where 
the examples of tho works wo have indicated are 
(•lortoly and thickly set : markedly in certain parts of 
the midland and the northern districts of England, 
in Yorkshire, as in the celebrated Cleveland 
di>trict, certain parts of Wales, and bi the west — 
chiefly — of Scotland. And of these, two integral 
parts of the kingdom, tho “Black Country" stretching 
over Uie dreary region between Wolverhampton and 
Birmingham, and the somewhat ](»ss desolate, if still 
dreary one, near to and partly surrounding Glasgow, 
afford tho best ty|)cs of what are called tho coal and 
iron districts of Groat Biitain. The traveller accus- 
tomed to traverse the countiy over and through, 
knows of course other districts little less typical ; 
and many pails where, from a curious concatenation 
of dreumstonces, an u'on works and a coal -field works 


combined, rear themselves in solo and solitary bulk 
amidst si'cnory and surroundings viustly ditUu-ont from 
those of tlu* .special iron districts wo have hI»ovc 
named. But those who luivo no sptH'ial or businoss 
mterost with iho “ trade " carried on in tho nbovi' 
districts, and even some of those who have, may not 
know that tlios(* liave not always l»eon the s<*ats of the 
iron triido. Hanging, indet‘d, over tho cent uries wliich 
comprise the history of oiir (H)untry, it may he saifl 
that the present localities of the* trade l»av(' originatinl 
within a period only comparatively rectad. 

Time was, however, in the histoiy of our eountrv, 
that these, now tho chief places for tla* supply of iron, 
were far from being so. Ho far, that some of thorn 
did not exist. Krom the pcvuliai' eireiimstauees of 
the early times of tho manufacture of iron, the iron 
works w(‘ro located where timber - that alone being 
then used as fuel, in tlie form of charcoal —was juost 
abundant. This (areumstance gavo t«> eonnlies south 
of Jiondoii that pre (‘iriiiK‘tieo as s<*a.ts of siud» a trade 
in the production of iron as existed, which 

the count i(‘s n<»rth of it now alone )nws(‘ss, It was 
in Sussex, Surr<w, and in Kent, that formerly, in 
genenitions long passinl away, tlu' cliief seats of what 
tlicn repr(\setit(»d tho vast source of W(‘alth now 
involvcsl in the iron trade existed. Of the W(a'ks 
of fornuM’ days in tliost^ <‘(mnti(^s, the rmnains in 
heaps of scMuhi, forming now eliielly green and flower 
covere<l inonmls, and iniadt l(‘ss fr(’(|uently d<‘(*aying 
or indued df^caytMl !‘(hes of lla^ woi ks, how llM‘y eame 
there, and wliat pin*pose if 1 m‘ e\'er thinks that th(*y 
had indee<l any purpose- -they serva'd, tlie indettered 
peasant-, as lie slowly guides his plough t hrough tho 
fields by wlncli tiny ar<» so often siirrouiided, but little 
cjaros to know. 

But tho irmnufaetnro of iron — and in llnwi early 
times the tman was iniKdi nioF'O a.pplie<al»ln to the 
trade than now, for tia'ii it was lifemlly almost by 
fiand thnt it was (wiiried (ui, iroFi making o<tcupyirig 
a large place in the concerns of tlie ii-oji-juaster— • was 
carried on in many districts of the kingdom, from 
a very early ]»orio<l. Tliose womhu-ful [»eople the 
Romans, to whom modern civiliztdion owes so much, 
no more neglected this than tliey overlo(;kod other 
sources of power. For aimndant evidence is still 
extant to show that they discovered the !o<silities 
whore iron ore existed — although from their limited 
resources of working at coFnmand, iliey ehi(^fly, if 
not wholly, av/iiled tlieinselvcs of the dr*[»o.siis which 
cropped out actually at or were found at v(‘ry easily 
reached distajaros beneath the wal. And it is efjnally 
beyond doubt, at all events would be so if rewiarcheH 
were made, lliat by the monks of the miriy and 
middle ages iho actual working of the iron trade, 
and probably in its highest then developments, 
WOK greatly promoted. 
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At the city of Gloucestc^r, so early au the (hito of 
the Nornitin inv<i«ion, the manufacture of iron was 
carried on to what would then be called a ^^reat, 
but Avhicli with our experience we may call only a 
conhiclerable, i‘xt('nt. And it ultimately reached to 
«uch a point tliat, as wo shall herotifter see, the heaps 
of scoria or cinders — rich comparatively in unreduced 
or unextracted metal — os tho result of it, e»iino to do 
good stsrvic^e to the inanufactiirers of a much later date. 
J3ut, us we liavo hinted at, Sussex was one of the 
cliiid', if not the chief, scats of the iron manufacture 
of the t?arly timos of this country. Worthy (dtl 
Fuller, to whoso quaint history of tho Worthies of 
England," written so curly as 1GG2, modern historians 
owe MO much not alw’uys acknowledgc^d, says of this 
gi’Cat seat of tho iron trade, “great tho quantity of 
iron made in this county,"— not only worked u]) tliore 
into vjudous articles tlieii in us(^ hut sent to other 
piirts of tho kingdom, and (this feature of the then 
trade not known to many, who conceive tliai we always 
then wholly im[>ortc<l) cxpoiied “ btwond tho seas.” 
Fuller names several “ worthies ” of tho iron trade who 
did much to increase its importance and to extend 
its uses, Then, as now — and t)»e hict is a curious 
commentary upon some view’s somewhat pertinaciously 
put forward— tho making of ordnance and appliances 
for war formed a very marked fo<itui*o of the trade, 
and then, as now, wmis tJio means of inti-oduciiig 
improvements in working and new a]q)Iioations of its 
materials. 

The Beats or Looalitiei of the Iron .Trade.— Borne of tho 
Conditioni of and Improvementi in the Kannlhoturo 
Iron.— Teohnioal Fointe eonneoted with theio. 

Those who l»ave occasionally passed through, if they 
hax'e not tarried for a time in the iron districts— of 
whieh wo take as a striking type that locality in tho 
midland counties of England known evei'ywhere as 
**the Black CV)untry,” already referred to— must have 
been at all times struck with features wdiich are alto- 
gether peculiar to them. If not the first which lie 
takes notice of, it wdll not bo long before certain 
objects will ItHiin largely in his mind as some of 
tho most remarkable ft'aturos of tlu.* hwality. Those 
are tho huge and high mounds of dark and grimy 
material, whicli but little lighten up the toi) frequently 
prevailing gloom of the Uxiility. Those mounds — 
unlike those on the plains by the banks of the 
Eupluiites — entomb no records of a past people long 
ago ditni out. They are solid musses of heavy material, 
in some measure like the huge blocks of which the 
Pyramids xive raised, although, unlike them, they are 
thrown down at random, assuming what form the 
law of thi'owu-down material dictates. Some of the 
mounds stand silent and desei'ted, dating baci from 
a period muziy genemtious anterior to the pivsent. 
They are comjioscd of a hard-surfaced inateml, almost 


indestructible. And, but little influenced by weather, 
they are not covered so kindly by the hand of Kature 
in tlie w'ay in which she generally conceals the other- 
wise ghastly features of tho old relics and ruins of 
man’s work. The whitish -yellow surfaces of the blocks 
of slag imiy get block and grimy, as they generally do, 
with the falling root of the smoke-infected district ; 
but it is long, very long indeed, before they are lichen- 
hung or mo.ss toned and coloured, and still longer, if 
ever, iM^fore on and around them the wild flowers 
flourish and the grass gi’ow's green. Some of the 
hugest and higliest mounds to be seen in the busiest 
of these “ black ” districts present a twofold aspect : 
part is unmistiikably old, otliers quite new, as portions 
are being daily added to tho heap, as evidenced in the 
still Genitily burning or the glowing red masses which 
have been hut recently thrown down. Those mounds 
are the lieaps of slag, one of the “ waste products ’’ of 
the iron manufa(;ture. Tlioy are a nuisance, and a 
costly one, if for no other reason than for the valu- 
able ground tliey occupy, and tlie time expended in 
the compelled labour which they entail in heaping 
them up. But the truth is slowly (hiwning upon 
men’s minds tliat, as in tho works of nature God has 
so beneGccntly and benevolently ordained it tbit there 
is no such thing as waste, so is it likely, to sjiy tho 
least, that the same rule holds good throughout all 
tho works of man, Far-seoing men of science, duly 
recognising this to be a law, have patiently w'orked it 
out in coniiociion with several products which not so 
long ago w’cre known but too well to be “ waste ” j 
and which almost universally were considered to be 
for ever doomed to be such. But tliose “ waste " 
substances, those at one time nuisjiiices, have under 
their skill hetui transfused into valuable products, the 
sources in some instances of enormous wealth. We 
need in proof of this cite hut one instance — the 
utilisation of the tar refuse of the gas works — which 
has long yielded, under tho potent power of tho 
chemist and the skill of the manufacturer, wduit are 
really treasures. So in like manner shall W’C see some 
day those huge masses of slag utilised— in a limited 
sense they ai-o Inniig utilised now — many of them done 
away with, and at all events no new ones fermed, for 
the reason that the material us it is produced w’ill be 
taken, and at once utilbixl wdthin or near the buildings 
of the iron w’ork itself. The whole subject here inci- 
dentally, yet nj)propriately, alluded to is one of the 
greatest technical interest. And tlie writer of this 
paj)er may I e pardoned if, fi^ui some practical know- 
letlgo of the subject, he is gratified to learn that in 
connection w ith The Technical Journal Prize Scheme, 
one of the prizes offered boars on the department of 
technical w'ork known os “The Utilisation of Waste 
Substances.” 

Another feature of the daxk and diKmal districts of 
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which we write-^and one perhaps more Btnking, though 
in another way, than the mounds wo have just roferred 
to— are the tower-liko structures which here and 
there rear their huge bulk amid the mingled moss of 
green field, mounds of slag, heaps of black coal refuse, 
ruined buildings, disiibled furnaces, rotten woodwork, 
and rusty, decaying, and disused machinery which 
make up the mazy and murky medley of the sur- 
rounding scenery. Those towor-liko «ti*uctures tell 
their own tale, and show best at niglit the purposes 
for which they are erecjtcd. For thou the flumes 
which issue from their tops and the glowing light 
seen through the side openingis at tho top — techni- 
cally the “throat'^ or tunnel -hole by which tho 
“charge" is supplied to tho interior— Hash tlio sky 
W'ith a lurid light, whicli, if not as plensuiit to tho 
sense of sight as is that of tho pale moon beloved 
by all, goes far in another way to make up for its 
absence, and not infreiiuentJy to iniiko surrounding 
objects for a largo aim as distinctly visible as when 
she puts forth tlio full gloiy of her strength. Only 
the light, though strong, is not steady; it flashes 
now into an almost vivid brightiitjss, then deadens 
into a duluess wliitk to tlio uninitiated is puzzling. 
How this comes about, tho reader not yet learned 
in the “ art and mysleiy" of the making of iron, wdll 
in duo course be informed. But to ono tecbnieal 
point connected with this feature we desire sfiecially 
here to draw tho attention of the reader. Tho 
observant traveller will nutieo that tlie towor-Jiko 
smelting furnaces, thougli many are t>f e(|ual or 
nearly ociuiil dimensions, do not belch forth c^qual 
masses of llame. Some — and tho.^e, indeed, in many 
cases of tho largest— viol d very little flame, and that 
blazing forth, not from the moutli of tlio furnace 
itself, but from tho oriliee of a small jdpe or tube 
by its side. And in this diHereiice between tho largo 
mass of fhime sent into the atmosphei'c by ono fur- 
nace, and tho small— in reality so— 'inuss ^eiit forth 
by another and perhaps larger one, lies the economical 
difference between two modes of woiking, in ono of 
which a valuable body is not, and another in which it 
is wasted or not used. Ajid if a substance can 1)6 
and is not used, it is of course wasted. Up to a late 
period — very rwjcnt indeed — in the history of the iron 
manufacture, the huge volumes of fiuming gases, 
and those at a heat or temperature simply intense 
—many hundreds of degrees — woi*© thrown into the 
atmosphere, serving no useful purpose whatever. At 
last it dawned upon the mind of some one more 
practical than his neighbours that, after all, in every 
furnace— as in that even of a steam-engine boiler — 
where coal or coke w’as consumed, a large part of its 
heating power was due to the flames and heated gases 
passing over surfaces in connection with the w'ork w'hich 
the farxiace had to do, as in the case of the flues and 


tubes of a boiler. And seeing this, and that a 
pnictieally limitless supply of intensely lieated gases 
and flame was sent into the atmosphere, from the 
tops of our iron blast furnaces or towers, the idea 
twk potrsesKjon of this observer and thinker— could 
not those gases and volumes of Ihinio be used to do 
the work of coal or coko specially consumed in fur- 
naces us, Miy, for example, in a steam-engine boiler 
furnace? Wlu>u we come in a smveeding cluipter to 
describe blast furnueo work in Ihe making of iron, 
wo shall see wl»ether it was to a countryman or to 
foreigners that wo owe tlus proposal, ami uUimatoly 
its pmctical realisation, to “utilise' th<» waste gases" 
of blast furnaces. Sit (lice it to say that sit ‘am -engine 
boih'rs and hot blast stoves, so to say imuiinerable, 
ill connection w it It our iron works, are tired " or 
heated without tho ('xpcndittiro of u single ton of 
crude, that is, ordinary coal or coke, Aiul in iniuiy 
wwks, after firing all th(' furnaces tho “ iron master" 
has at his works by the “ waste " gases, so ealU'ii, thus 
placed at his s<*rviec, ho has after all volunu'S and 
volumes of these hUII to spare. The reader in this 
win have gained another U<;iiiii(‘al lesson, and another 
exemplification of tlio important part yet to bo played 
by the departmi'iit of twbiiical woi*k to which wo 
have specially alluded — “The Utilisation of Waste 
Bubstaiicos." 

* Abundaneo of Coal a Featuro of the Chief Iron Bit- 
trioti.— Teohaioal Foiati eonneeted with thii. 

We have alluded to ono featuro of thoHi> iron dis- 
tricts — namely, tiiu abundance of smoko, it is not to 
the tall tow(T-like smelting furnuees that this smoko 
is alone duo. Tlu'y do not now', under improved 
metliods of W’orking, belch foi-th much smoke; jinwjti- 
cnlly they may be said to pi'odiKHi none— none, at all 
events, when one tliinks of t)»o vjist bulk of burning 
fuel they contain, which in Kngland is almost uni- 
versidly coki^, a sirx^kcless fu<‘l, it is il.ime, iht^refore, 
which issues from them chielly. But smoke there 
hi none, in tho abundance which has given to one 
famous distnet, at all events, tho but-too' well -deserved 
name of the “ Black Couiitiy " ; and hlaok <n)ough, in 
Bky as well os in all tho objects of tho land itself, it 
truly is. No small poilion of this smoke, wJjich darkims 
alike tho land and sky, is, in fact, produced by tho 
furnaces of the various afi[)liances — heroiifter to be 
noticed — directly used in connection with tho blast or 
iron smelting furnaces, or with the chief work of tho 
place. So also by those connoctod with various trades 
and manufactures ministeiing to or Bupjxn-ted by 
the iron manufacture, which cluster thickset and eluse 
around the works. But the largest, or if not the 
Largest, the stcuditjst Bupply of smoke, is kept up by the 
very numerous “ coal mines " or “ pits" of the district, 
llie position of these— and in some /jmirters they 
are exceedingly numerous— is indicated by ariotber 
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feature in tlie landscape of the districts of which 
we write* This is the tall triangular framework 
of timber which is crowned by two light wheels or 
pulleys of large diameter, which at intervals are seen 
nsvolving, and that in opposite dinH^iions, When 
tho curious flanking motion of the two wheels is 
seen against the sky, or whnt stands in the ** Black 
Country " for it, tho initiated know that an empty 
bask<^t is descending into, wliile at the same time a 

basket” or ‘Hub" is ascending from, tho deeps of 
the earth,” lnd(m to tho full with ordinary oi)al -to 
which tho eupluiistic term is apjdied, with a greafer 
(U^gree of truth than distingnis}i(‘s su(t]» designations 
g<uiorally, black diamonds.” And i)]'icclcfift diamonds 
tlioy liavo be(!ii and daily are to us and ours -more 
so by far than would have been, or would be now, 
loads of Koh-i-noors or of “ stars of the world.” In 
no direc,lion more Viduablo, or rather, we should say, 
invaluabl(‘, than in that which can ho trnc(‘d with 
wise in dist-ricts such as w’e dcs(M*iho. For if not tho 
larger, raM’tainly a hu'g(» ]M'oi)ortion of llio coal thu.H 
raised in them, is taken diro(^t to the iron works in 
<dos(s pi'oximiiy. 

The Direct Connection of or Oombinetion between the Iron 
nnd Coal Supplioi the Chief Oauee of the Snooeee and 
Froeperity of the British Iron Trade. 

And it is to this direct comhinaiion of pits of coal 
witli mines of ir'on, or rather ironstone, that we wish 
luu’o Hp(‘cially to dii*ect th(? attcnlion of the tecimical 
reader. For in this coiuhination will be found n 
remarkable cxcuiplitication of tho <'onncction whicli 
exists bctw'(Hui, or the interjH'm'tration, so to .say, of 
one class of technical work witli another,— a con-* 
ncH'tioii or comhination whicli literally is tho cause of 
tho success of lioth* This fi'aturo will lu* seen, on 
perusing other papers in tliis Journal, to exist behind 
branclH's of trade other than tlio iron and the coal, 
with which here wo have only to <loal. 

We ai-e not of those who do not, will not, or who 
nro ashami‘d to seo in this close proximity, and in the 
ciroumstaiices whicli brought it about, and by which 
its I’niv, its essential value to our national prosperity 
WOB discovered, something more than one of the 

happy cii'cunistunces,” the “lucky chances,” by whicli 
some love to account for all tilings which an* marked 
ly fortunate features,— men who apparently are 
content to l<K>k upon iliomselvt'S and their lives as but 
little bt'itor than i\» troca Hoatiug down a stream, the 
ijK)rt of its watt'i's, or na stmw’s tossed to and fro, tlio 
plaything of the w'ind. On the contnuy, W’O nro of 
those w'ho ai*e not ashamed to confess with gniteful 
gratitude that lie who mica the universe has with 
benevolence and Ixmeficonce, wis<*ly, for punxisea of 
Hia own, cixuvted this dope proximity of the coal mine 
and tho iron mine— a proximity whi<di cnablea tho 


produce to be made in the largest abundance and on 
the easiest and therefore the cheapest terms* And it is 
to us pleasing to think that those who so confess con- 
stitute the infinitely larger proportion of our people, 
from which come the best men we have, the very bone 
and sinew of our country, rich in the rare gifts of 
probity, industry, ability and skill, Wo shall presently 
see how and by w^hoin tbe discovery was made that coal 
so plentiful could be used for the smelting of iron, in 
place of wood or eharcoiil, so excjftodingly scaroe ; and 
liow tho discovery, as exemplified in the iron tiado, 
forming an essential elometit in national technical pro- 
gress, iurnorl the at one time failing tide of the iron 
manufacture into that full flow'wliich lias made it one 
of tlio [lowers most potent in making us the iirosporons 
people we are. But it is w^orth wdiile for a moment to 
paimo here and reflect upon w’hat i.s thouglit so little of 
i)y many — vij^., liow utterly dependent this pro'^perity 
has boon, anti is now^, upon tho close and intimate 
connection which subsists between our di^^er^^^lt tnides 
and manufacLuros,— a conn^xition not a wliit the less 
close or valuable liecanse some fail to see it, or 
seeing it refu.so to learn from it the lessons of rare 
practical business worth wbitdi it is so w-ell calcu- 
lated to yield. Without the coal wo couhl not 
hjive got tho largo and cheap supplies of the iron 
w’hicli tho necosisities of tho times w^e have lived 
in deiuaiided. W^ithoiit tho steam engine anti the 
[»ow'(‘rs it gave us we could not have got tlie coal, 
and without the coal W’e coultl not have w’orked the 
ongint^ — no inon^ than wo could htivo made it witlioiit 
tho ii'on. All w’<*ro coniitjcted in the closest way 
one with another, just as we know them still to bo 
connected. And not alone with themselves, for the 
chain which bound them together extended itself so 
as to take other brandies of trade; or iiiaiiufaeture 
within the boundary of its links, and ilioso again 
others ; so that all are united by a band so common 
to all, that tho prosperity of the one depends wholly 
upon that of another, and all upon each. 

Brief Note on tbe Early Introdnctlon of Iron ai a Con- 
itruotivo Material, with iti Teobnioal Snggeitioni, 

Great obscurity rests over the eivrliest peidods of the 
history of the iron manufacturo, of whidi wo know 
but little ; and of its origin, or by whom and in what 
country the production of a useful metal by the reduc- 
tion of the ore of iron was first introduced, w’e know, 
in fact, absolutely nothing, In their anxiety to give 
all the sanction and the privileges of extreme antiquity 
to the manufacture, some writers go back to the very 
earliest of Seripturo times ns that at which iron was 
usimI for ^'ariou8 purposes. They attribute also to the 
earliest [Kuioils of what is generally known as profaue 
history, a knowledge of its manufacture as applied to 
a wide variety of uses* 
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THE MAOHIVE MAXES OS OEXESAL 
MACHDnST. 

SPIEOIAL EZAHFLEfl OF HlB WOBE^lTB LBADIKO TECH- 
NICAL PniNoirLEB AND Details. 

CHAPTEK 11. 

Tn our last chapter we stated that the use of metals— 
the new materials — was rendered impemtive by the 
introduction of the new machines. For the class 
of moohinos which the increased and ever-increasing 
demand for clothing fabrics so urged the manufac- 
turers to apply to their work to meet it with a larger 
supply, and which machines have been invented 
by ablo men foreseeing the couung requii-omonts and 
development of ** the tinde,” were of a totally different 
character, as wo liavo above stated, from those simple 
appliances or machines which tlie machine makers 
had been called upon to construct, These now 
machines liad in tlioir t?ssentinl parts com])licated 
and even dolicate movements, wdiich could not be 
executed in timber, but demanded materials not only 
more durable, but capable of a finer adjusiirient tl»an 
was pnssilde where timber or wood had to be em- 
ployed. 

The Speed at which the Kew Kaohinei were^worked a Feature 
that demanded a Higher Olaii of Work from, and Toolt to 
be nied by, the Xaohiniit. 

And the use of a liigher class of material 
was still more urgently demanded by another cha- 
racteristic of tho new macliines — njunely, the npml 
at wliich they wei'e designed to work, Tliis new 
feature was imperatividy required ; for a matdiino, 
liowGver ingenious in its movements, and those how- 
ever closely and efiicieutly imitating tho work of 
hand labour, would have been of little, pr[u'ii(!ally 
of no service, if while it did good work, it did no 
more of it than did the hand- workers employed before 
its invention. T<i get tbo full benelit of tho change 
in the modes of manufacture, it was essential tliut 
machinery should not only increase, but increase very 
largely, the amount of pi’oduction obtainable by hand 
labour only, *SSpeed ” botjame, then, tho feature of 
the working of the now macliines ; and this Hjieeil 
increased wdth each successive period in the experience 
of the now' methods of manufacture by them. Nor 
is the attainment of this spetjd less aimed at now. 
Kiich new invention — and tho inventions in textile 
machinery are yet, notwithstanding the enormous 
numl>er hitherto produced, to be counted annuully 
by hundreds — aims not only at doing better w'ork, 
but doing more and more of it in a given time, and 
with a given outlay. And nothing woiihl surprise 
early inventors more, coidd they return to the scene 
of their former lalwurs, than to witness the enormous 
speed at w'hich textile machines now work. 

Bui this speed, as well as the employment of a higher 


class of materials, demanded a higher class of meohanical 
work — for accumey of adjustment was absolutely ro- 
quii*ed. Macliine makers were not long, therefore, in 
seeing that all tho demands made upon their skill 
could only he met hy the establishment of a totally 
different system of workshop practice. And the first 
thing which this system i*equii*cd w’lis luacliine tools, 
These held precisely the same relation to the handi- 
craft work, then univei’sal, by which macliineiy was 
made, as the muv textile machines h(*ld with roforonce 
to the hand labour of the cotton w'orkers which they 
were designe<l to, and actually in timodiil, supersede, 
Once this new department of machine-tool designing 
and making w-as entered upon, it gave rise not only 
to a class of machines used for various trade purposes, 
though specially and at first almost exclusively iu>n fined 
to textile machine work — but to a special branch of 
trade which is now second to none, either for the 
variety of its work, or for examples of the highest ability 
in mechanical design and thegii^atest skill in construc- 
tion, The roll of the iwnries of tJioso who have made 
mnehino making wdiat it is, is so wide, and conijire' 
luaids so many distingnisla^d naiiit*s, that, we cauiuit 
find space for ev<‘n the bi‘i(‘fest and bahlest list, Oppor- 
tunity may in llio coursi^ of our papers lu' giviai us 
of incidentally, if not fully and in a systiaaatic way, 
recording tho names and taking a britd* glanc(3 at tlio 
work done by at least the leading men who in the 
early days of “tlio trade,” Jind those which more 
nearly approach our own times, gavi» by their 
irieehanieal genius, and by a pca-sevoranco and dili- 
gence wliich overcame all oUsta<iles, tliat impress of 
priw^tical value to tho work of machine making which 
has made it one of the most striking of tho many 
dovelopments of man’s skill and ability with which 
we are everywliere snn'onnded. 

Early Elitory of Haohiaa Kaking of Great and Buggeitive 
Intereit to the Practical Header. 

A carefully elaborates! and more oi* loss exhaustive 
history of tho work of “Tlie Macliinist/’ from tlie 
earliest times wlien it began to bo a jxiwor up till tho 
present day, would lie not merely intensoly interesting 
as a record of one of the most important cliaiitors in 
the history of tho civilization of the human rac(3, and 
specially valiialile as illustrative of tlioso peculiar 
characteristics of tho Anglo-Haxon mHi ; but it would 
possess a direct and great value to the young luMchinisi, 
08 abounding in practical suggestions and lessons 
calculated to bo of tho greatest service to him in his 
technical ©tliication and his daily work. This ex- 
haustive review of the past circumstances of tho work 
of the machinist is obviously beyond the iiinge and 
limits of tho present wiries of papers; as it would 
take those of a portly volume or two to do oven but 
fair justice to its many features. Prevented, then, 
by the circumstancett of our publication from taking 
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up this £sld uid tr&Ating it exhauapiv^Xt ^ cannot 
howevur pass by some of its departmonta — and this in 
the diteot inteteata of the teohuical reader. For while 
those intmata demand at our band illustrations and 
deeoriptioDB of the leading machines of the machinist^ 
and of the machine tools by the aid of which he makes 
themi in the perfection of movements we every day 
see in them ; another in many respects higher and in 
some sense the hipest interest demands that we dsould 
point out a few^ if not *all of the leading oharaoter- 
isties of his work^ and those principles which alone 
enable him to give to it its widest development and 
its highest value. To do this with such degree of 
cninpletenees as our space will admit of, necessitates 
a glance at some of the features of the trade which, 
although in one sense liistorical, are nevertheless the 
veluclcK, so to say, of a vast deal that is practical — 
while ft fuller nnd a wider glance at other points will 
enable us to give such counsel to the young machinist 
as TUfty be of essential service to him, not only in the 
study of the principles, but in the practical details 
of his daily work. Having followed ua through this 
essentially useful part of our series of papei*s, the 
technical reader will then be ready to go with us 
while wo pass in review the leading machine tools 
and mechanical appliances with which ‘‘The (General 
Machinist ’’ does his work. 

nefiaitioa of the Term General Haehiniit” in relation to 
our Berlee of Paperi, 

The trade name here given, and which is also 
the loading point in the title to oni- papers, may for 
tlieir purposes bo d('fined as that wlii(?h concerns 
itself with tlie making of evciy class of machimay 
and all varieties of mechanical npjdiances which are 
ro(juired by the dilleront and nninen)us inanufacturcs 
and Iruties and the varied branch(‘s of commemal 
work carried on thro\igliout the kingdom. This 
definition is no doubt wi<le, for it may embrace the 
work of a s]>oeialist, such as a meehajiic who devotes 
himself to locomotive making, or one wJio coneorns 
himself only with marine steam engines or with 
liydnvulic machines — for all these use the same 
mechanical aids in construction. Still it is, and may 
l>e for the pui’iioses we have in view, liinitod in the 
way we have named. And tliis may he said to he the 
]K)pular view, as the names givt*n in the title to our 
paper arc understood generally as being negative at 
in Ihoir import, so that when one talks of a 
machine maker or general machinist, it is at least 
known that he is liot a specialist sucli as a locomotive 
or marine engine maker, etc., etc., etc. 

In the pursuit of his calling the machine maker 
calls in certain nu'tdianical aids to lielp him to work 
tip his materials into the form of the mechanical 
appliance or machine ho is called upon to make. 
These mechanical aids range themselves into two 


great classes — ^hand tools and machine tools. These 
are capable of doing every class of that work to which 
by common oonsent the term mechanical is applied. 
Of these two classes the last named is the most impor- 
tant,— if in no other way, at least as displaying the 
highest class of mechanical characteristics. Although in 
saying this it by no means derogates from the position 
occupied by hand tools, which will always and of 
necessity occupy a position which, so far as we can 
see, not be taken up in another way — and this 
notwithstanding all that has been done in substituting 
machine— that is, power-driven machine— labour for 
manual or handicraft work* 

Beae Oonaidaratioiis eomiMtsd with Tools and Kaohins Tools 
by whkh they are Xado, and their almost Oomplsts 
Abionee in the Workshops of tho Early Machinists. 

Taking machinery considered as a whole, as em- 
bracing all the wide variety known as textile, fictile, 
motive powers, and the like, the youthful technical 
reader is apt to overlook the importance of those 
mechanical appliances and those very machine tools 
above alluded to, by which alone all machinory is 
constructed. A little consideration, however, will 
show him that no great advtmce could bo made in tho 
construction of machinery in general till the means 
existed in some form or another by which tho mechanic 
could make his mere annual strength and dexterity 
available in giving form and working capacity to the 
products of his mechanical design. Tho records of 
mcchaniwil history afford, indeed, a most interesting 
and, in iniuiy of its aspects, a really practicwilly sug- 
gestive field of reti'ospcctivo inquiry, in the examples 
which they give of the ditliculti(?w which beset inventors 
of mnclunes in connection with the point we are now 
a<l verting to. We have, indeed, been greatly struck 
with the almost pathetic interest thrown around tlie 
records of wlmt they had to encounter in getting 
their designs put into a working shape. And this 
not so much on account of the difficulties attendant 
upon the materials which they had at command, as 
from tho, in some cases, almost wholly insuperable 
dillicultios they hod in getting these materials worked 
into the forms demanded by tho nature and mechanical 
character of their inventions, In working up those 
forms and parts, handicraft skill was, even in com- 
panitively rccsent times, almost wholly unaided by 
tools, and while those were of the simph;st, and in 
“make’' of the rudest, the help obtainable from what 
ai*e now known as machine t(X)ls w'as not within the 
retich of the oxrly machinists, for the l)Ost of all 
reasons — namely, that machine tools had at the period 
we are alluding to no existence. The only two our 
earlier machinists had was the foot-lathe and the 
iKuing hmee, and those two so rude and rough, alike 
in form and in consti’uction, that all that can be said 
of them is that they contained but little more than 
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the elements of the modern taming and boring 
maohineSf of which almost every m^anic’s shop, 
however small and insignificant* has now ejoellent 
eizaxnples* capable of turning out a great variety 
of mechanical work. The working mechanic of the 
present day gives, we fear, but little thought to the 
truth that if he were not provided with the wide range 
of tools and machine tools which is met with in every 
well-appointed workshop, he could not possibly turn 
out the machinery and the engineering work of 
various kinds, of which he is proud, and justly proud, 
08 being what it really is — the finest and highest class 
work of the kind which the world produces. And it 
would do tho-so good who are somewhat disposed to 
grumble at what they call their difficulties in doing 
work, if they could but know what the early inventors 
of machinery had to encounter in getting their 
machines made, and what also <lie machinists or 
handicraftsmen had i hem selves to moot and often 
found wholly to baffle them in their attempts to carry 
out tho wishes of tboso who einploytHl tlu'in. Unfov 
innately, the I'ecords of tlio cai-ly ditlienltios vvbicdi 
suri’ouiKlod alike the inventors of niacliinos and the 
machinists wlio had to make them, arc exceedingly 
few in number and very meagre in details. And this 
is, for us, who have entered into tho rich legacies of 
work done and difficulties overeomo which tlioy have 
loft us, a matter to be greatly regretted j foi-, as we 
have said, such records are interesting (jbiefly because 
they are prticticiilly suggestive, For it is in every way 
worthy to bo remembered, ibiif^ the b^ssons d(‘rivcd 
from failures are frequently not of loss, but of much 
gre/iter, value than those to boobtainod from Hiic(‘(*sst's 
in mechanical work, We shall Ijave occivsion to illus- 
trate this in more than one instanc-e, when we come 
to consider certain departments of the ju’esent scries 
of pfiporw, 

What, however, we wish lioro to imj)ross tho young 
teclmiwil reader with is this; That before the fine 
examples of maehinery to be met with in every bmiudi 
of industrial work, and in the various forms of prime 
movers — such as the factory steam engine, tho railway 
locomotive, and the marine engine in tlieir varied 
forms — were possible achievements, the early machinists 
had not only to devise or design machine tools, but 
to make them (and tl)Ose of necessity had to w’ork 
with precision and accuracy) before tliey could give to 
the parts of the machines they made, or helped the 
machinist to make, those characteristics of precise 
accuracy which liave made our nuichinos the marvel- 
lous examples of mechanical construction we know 
and see them eveiy where around us, to be. And as 
forming not merely a good mental exercise, but as 
bringing up some singularly curious and suggestive 
practical facts in the way of mechanical work, wo 
wotdd recommend the young mechanic to consider 


what the problem really was which the machinists of 
early times liad to solve, and what must have been 
the difficulties in the way of its solution. This pro* 
blem, on which the work of the future actually 
depended, may be stated crudely thus ; to make tools 
and machine tools of precision, when the only tools 
available to make them wore so far from being precise 
themselves, that they were not only rough in make 
but rude in design. In following this up, and in 
attempting montiilly to work it out, wo venture to 
believe that the young mecdianio will have some 
curious considerations suggested to him, which will 
help him to estimate, at some part at least of iU high 
value, the indebtedness of modern machinists to their 
early predwessors. 

Praotlosl Points oonnsoted with the Eitabliihment of Ksohins 
Xaking SI s Brsnoh of Teohnioal Industry. 

In following np the of ilio prosont 

of papers, we have, as ]>ra(?lically iiitroibiclory to 
dotailH we have yet to give of mo<'lia?iical work and 
(be parts of vvbi(‘b Ibis is i'omposoil, to place bc'forc 
(bo render sundry poiiils conncctod willi tlie liisl,ory 
of mechanical progiu^ss. And those follow up and 
spocbdly illusirato what wo have said above as to the 
importance of the work done by the carliiu* rnacliiiiisis 
ill introducing into daily usi^ tlio (ools and macliino 
tools by wlntdi alone tho lino (^xjiiiiplos of modan 
maifliinory fsvoiywlicro now mot with c,<mld bo mad(\ 
^riio opinion is bold ]a’c(ty gcjoTally, ov(‘n by many in 
lli(» imM'lumioal world w Jioso iiifoiaiiiil ion ought (o 
more proedst^ and accurato tlain it is, t)ia(< modern 
inoebanism, no malt<a’ in wlmt di]M>c(.ion it docs its 
w’ork, owes its exist t‘nc.o mainly to tlio labours of 
scientific inon. In other w’unls, tJiat (ho practice of 
tho inoclianic is not only hasitd upon tlicory, but 
that all tho d(‘tail.s of liis lahoiir in the work.shoj) 
have their origin in, or have hecn suggostod by, tlie 
theorist in bis closrt and at his desk. That all 
miwdiiiicry w'orks iimlor tho ojK^intion (»f, and must ho 
dcsignod in accordance with, tlio natural laws wln\di 
cannot bo sot aside, and wliicli rule all tlio pheno- 
mena of w'ork of all kinds and variel i(‘s, is w'lmt of 
course no one disputes, Neitlnu’ will it ho tleni(Ml 
that a machinist may construct a uimdiino wliiidi 
thnnighout its movements is an illustration of and 
is dependent upon certain natural laws, and yet tlmt 
tho mochanh; may be quite unaldc to explain, not 
only what those laws arc, but how the im'udiine 
takes, so to wiy, advantage of and makes them sul)- 
scrvieiit to its jfurposos. Nay, tho mechanic may 
have tlms domi work, and inde<»d the Ix'st work of 
its kind, by the aid of tho macliino lie himself has 
not only made but iiiviuitcsl, and yet bo ignorant 
of and be surprisofl to lie told of tho fimt, tliut it 
dojHinds for its existence ujicn a natural law, or upon 
laws. 
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THE OEKAlTEirTAL DBATTaETSMAH. 

Hia flTUDY AND TEIE DETAILS OP ITS PRACTICE, CniEPLT 
IN IIELATION TO TECHNICAL WORK IN MANUFAO- 

TiTitiNo Design, 

CITAFrEIl 111. 

The Kiudont will, wo hope, from what was said in 
the preceding ohapior, see ilio importance of drawing 
fttroight lines, as the examples whicli follow from 
figs, 7 to 17 are illustrations of the application of 


the Oreeks; the Japanese and Chinese also use it* 
The Greeks used it in a very elaborate way, as will 
be seen in the accompanying figures, 10, 11, 12 and 
13, The fret in fig. 9 is wholly made up of straight 
lines vertically disposed^ The fret in fig, 13 is more 
elaborate, and introduces a now feature — namely, the 
panel — as at a a a. The pupil will observe that in 
some of the ornamental arrangements the lines are 
vertical and horizontal, whilst in others they are 





Fi^. 10. 


this class of lines to oriLiinontal purposes. Fig. 7, 
the zigzag, is the Egyptian ” inode of representing 
water, and this figure is used at a inoi*o acute angle 
in decorating the columns and capitals of their 
teiuph's, iuid later it was used tlie sjimo purpose 
hy the Greeks. All these applications will he jKuntetl 
out in their }u*o|x'r plaeos. 

Examplei of Straight lined Fignrei Elementi of Omamenta^ 
Uon or Artiitio Decoration. 

Fig. 8 is a simple fret or labyrinth ; this ornament 
is used in most antique styles hy the Egyptians and 


oblique, Should the student extend his studies into 
the history of ornamental art, he will find there a 
mine of interesting information ; and using the term 
wit in tl»e sense in which Burns uses it, we can assure 
him 

“ There *8 wit there, yc’ll get there, 

You'll find nac ither whore," 

Bearing this bmt in mind, and for example that the 
history and habits of the Egyptians are written in 
their art-s, one can see in their picture-writing a 
liistoiy more cleai'ly shown than words could explain. 
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In figs* 10, 11 and 12 the pupil will observe that 
in the frets there illustrated the lines are at right 
angles, as the line a 6 to 6 e, or o to c /. But in 


Importaaoe of Btraight-llae Drtwiag to the Oraamontal 
Draughtiman. 

And now we have gone with the pupil through these 


- — 



6 



Pig. 11. 


Fig. 13. 

figo. 14, 15 and most impoi-Umt 

16 the lines are u'U.ML . , „ , . , ,. ^v </ ..<* subjects. Tiic 

fig. 17 the Imes M ^/// '///J/0yy///MM}. ’wM/M/////.'^/: bo wikHo 1m> tho 

cross. These ^ ^ ^ w w' '/0 

frets, in ancient ^ m mm MwA m m m m form tlio basis 

or classhsal art, ^ ^ ^ W/ Wy Wa vM pra<*iicc 

are as a rule met ^ m W/ W of ornamonial 

with as a painted ^ m %^AV^//AA ^ WAAiAual^a/M w yj/iA/zMA/AA drawing; but 

decoration \ WA W. Wa ^ VA. in another siinse 

oni,.xc.p.io„. I 

ally that they draw ings are es- 

are used in cut W7/^W/WAW/W/WAW/AW/M//W^WW!^MM^ 

or sculptured ^Ai i. uuAA f< //// . A/AA 'A////// Zu ^ u/AuAiAZAA/ZA^A \ {<{//{{( //{( ({( //// m/u ^ // u/ini ix u Zi coristituto 

forms. The frets the Ixisis of orna- 

are used as an ornament in all antique styles, but mental art, <lihtingius}ied from what may l>e, tind is 


those we have given are from the Qroek. The Chinese 
use the frets as an ornament very extensively in their 
bamboo or cane work. 


correctly enough, termed pictorial art. And this work 
we have done, w^e trust, with a fair degree of honest 
and ciiifncst endeavour to do it satisfactorily— that is, 
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usefully to the pupil. He has had the purpose of student hero and there begins to play with shade and 

those drawings laid before him, and their character* colour, and sneers at stories about Prout^s straight line 

istics explained. With some little interest in hi*^ or Giotto's circle. Nothing will then satisfy him but 

success, wo have put before him the inducements for wonderful effects in ohiaroBOwrOy or glaring Venioes" 

studying their peculiarities, and have not concealed with impossible skies, Naples yellow and purple-red 
fi-om him tlio fact that those difficulties are consider- buildings, and golden boats on emerald-green waters, 





Fig. 17. 

able. For it is coi-tain that tlio men who have the etc., etc. T1 k» youngster may, j)erhaps, by some good 

jwwor to ditvw n straiglit lino with absolute aocu racy [)iot'e of foxtune, at lost find out his foolishiioes and 

are, like the pi'ovt^rbial angels’ visits, “ few and error, and the only possibility of artistic salvation for 

far betw^een.” Many artists are w’oefully deficient him is a return to such work as this^namely, the 

in this direction. Line-drawixig is not attended to figures now before him. 
with one-half of the assiduity that it should be. A 
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THE OABIVET KAZE&. 

Thb TiiOHiaGAL Details, and the Pbibciflbb affeotikg 
' THE Design of hib Wobk. 

CHAPTER I. 

Introduetory^Namsi of TeelmlOBl Trsdei do not always giye an 
Index to the Katnre of the Work or the Xaterlali employed. 

In gUuicing at a list of the names by which the various 
branches of our industrial callings are distinguished, 
one pooulianty is noticeable. The names do not always 
indicate the materials which are employed by the 
various workers, so as to give a direct clue to what 
their work actually is. Some, on the contrary, are 
distinguished by names which at once tell us what 
their work is, and sometimes the spoeilic material 
employed or chiefly employed in it. Of the flrst cltiss 
wo may cite as instances the trades of the joiner and 
the wirpcnter. The flrst of tliose names conveys not 
oven the faintest conception of what the trade actually 
concerns itself witli, Tlie term join ” is by all, of 
course, understood; but it miglit be applied to <he 
joining together of any materials, or of more materials, 
how'Cvor diverse in (diameter, than one. T 1 hi‘o is 
nothing in the name to convey definitely an idea, of 
w’hat the work of the joiner really is — this being 
simply the working up of timber into the variuiis 
forms and flttings rocpiired in the interior (cbieily) 
of our domestic and public buildings. And it is 
probably fiKim tlie circumstance that on tlu^ actniraey 
of the joints by which the pieces are held togetlier 
the perfection of the work has been estimated, 
that the term joinery has boon selected to designate 
this special class of w'ork, as if to indicate that unless 
the joints were w’ell made the work would be 'worth- 
less. But it is obvious that the term or name might 
be given per se — Unit is, liy itself, simply — to a worker 
in iron, or a mucliinist, both of which trades have a 
great deal to do with joinery ; in fact, their w’ork 
actually is the formation of striudures by the joining 
of one part to another till the whole is coinplcdtfd. 
And in this sense, strictly taken, almost any of the 
constructive or mechanical trades might bo (railed 
joinery with as much accuracy as in its usual designa- 
tion, if at the same time, to give a definite meaning, the 
material the trade used w’as added, such a.s a joiner 
of metal, joiner of w’ood, of stone, etc. 

Of course, by long usage, and as it were a species 
of traditional descrent, every one know's what is meant 
when we speak or wTite of the trade of a joiner, just 
us every one knoNvs what tlie special w'ork of a cAr- 
penter is; although, so far the names or words 
theinselve.s are concerned, they give no clue whatever 
as to the precise character of the work. Thus, a 
person who had no traditional knowledge U) fall buck 
upon, who had not been accustomed to hear on all 
sides what such callings really were, and what the 


character of their work was, would never gather from 
the mere trade name of ** joiner ** tliat his work was 
such as we have above described it to be, any more 
than ho could fmm the name ** carpenter" the feu^t 
that his occupation was the formation of parts of 
Umber structui'os out of largo pieces of wood, just as 
that of the joiner yrna^ the using of wood in small or 
comparatively small pieces (see the papers entitled 
‘^The Joiner" and “The Carpenter). The samo 
indetiniteness is met with in the word masonry, and 
it is only— 08 is very usual— when the special trade is 
designated, as that of the stone nuwon, that wo know 
that stone is tlie material with whicli he deals, and 
the shaping, cutting, and “ joining ” of separate pictu's 
or blocks of which he forms his various structures the 
spt'ciul work. 

The Kamel or Deiignatiom of Some Tradei give at onee an 
Index to the Nature of the Work done and the Materiali 
employed. 

Other ti'ados, however, t hero are about which tlioro 
can bo no doubt as to what tlie s|>ecial chariW’tor of 
tluar work is, Tliiis ilio nainos of raintor, riastorer, 
(.■otton Hpiniior, ('lotli VVeiivin*, Machine Maker or 
^lachiiiist, Gas Maker, indicNite at once wJiat tho 
work of the trades i.s, and give (dues more or loss 
diri‘(^t and sj^ocifio as to tho mnlorials they use. If 
tho iH^adcr will think ovts* tlm point hoj’o named, 
he will perceive tluib there is moi't? in it than app(»ars 
at flrst sight, and that iiomon(datnr(^ is or should 
not he n uu^ro doiul thing, hut one of vitality, exer- 
cising an influence, when rightly applied, for good. 
If it be true, as some pliilologists — and wo coiifoss 
with groat truth - - maintain, that tlm morak of a 
peopl(j is largely indicated by the t(*pnH, tlio p}»nLH(‘s 
and the proverbs of its daily life, it is difliciilt to 
escape from tho conclusion that there is something 
induuitivo of the practicMil tendencies of a j)enplo in the 
names by which they dosignato their various (Kicnpsi- 
tions. If precise deflnition of scientific terms, or of tlie 
materials employed in tlie arts bo — as it is universally 
a(iknowledg( 5 d to be — of great importance, it can 
scarcely bo denied that some iinjiortanco at least is 
attaclied, or slioiild be attiuiluid, to tlie rnerfi jioiiuai- 
clature of our technical callings. It is at least a 
satisfactory — and to tho mind appe.irs to be a fitting 
thing — when the name w<j ranploy (jonveys as directly 
as possible what in reality is its cliiiJ, if it ho not its 
only chanictei‘isti(a 

Teohaioal Leiioni derived from the Namei of Tradei —Cabinet 
Making. 

The last-named jioinl to some may seem to bo a 
matter of indiflcrence, hut to those who are not 
content to skim over the surface of a suliject, it 
will be found to be the reverse of this, and to oarr> 
with it something practical in its application to the 
work and the purpOBas of daily life. Precision of 
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expression is surely more solidly satisfactory than 
vagueness, and matters are not mended, but are 
worse, when not only is precision sacrificed, but a 
wrong impression is conveyed as to what the work 
actually is ; loading to the belief that it is only one 
thing which is meant in place of a variety of things. 
Very much iix this way does the term ” Cabinet 
Making ” operate. The meaning of the term cabinet 
is pretty generally understood when reference is 
made to the fittings of our houses, but the term 
cabinet maker does not apply solely to a workman 
who makes cabinets and caWets only. True, he 
does make these articles of interior fittings, but it 
is well understood by all that he makes something 
more. In point of fact, the cabinet maker, as the 
term is now universally understood, is one who makes 
those interior fittings for our buildings which go under 
the name oifumiiwre. And although other trades 
have and require their furnishings or furniture, as 
the actual phraso is — for example, tho “door furni- 
ture” of the joiner, as looks, hinges, escutcheons 
and finger plates — the term is getierally tvocepted as 
indicating only the interior fittings or furnishing 
of our domeatic buildings. Properly spe*xking, these 
interior fittings are of two classes of work— namely, 
of tho joiner and of tlie cabinet maker— but the 
work of tho joiner is confined to tho fittings, such 
as arehitraves to doors and windows, skirting boards, 
doors a!id windows which are fixed in position, and 
form, HO to say, integnd parts of the structure or 
building ; whemis tho interior fittings of tlie cabinet 
maker are all movable or capable of being changed 
in position as desired. 

Ths Work of tho Cabinet Haker oomprohoniive in iti Obaraoter. 

Tlie w^ork of the cabinet maker being then, as tve 
see and all generally know, of a more comprolionsive 
character than that concerned solely in the making of 
cabiiiots— embj-aciiig all (,Le parts wliicli constitute 
what we call <h)im*Htie fiiniitiire, us well as the classes 
of occlosiaslical fiirnitui’e, etc., et«3, — u moi’e pivciso and 
definite name for t he trade would have licen “furniture 
maker," No doubt this has in reality been employed, 
and is still em[)loyod by many. But, arising no doubt, 
HS W’e suspect-, from a notion that there is something- 
no matter what — dorogatoiy or undignified in tliis 
the plainer and more definite term, as it is apt to 
be confounded with the more humble occupation of a 
furniture dealer, this name furniture maker is generally 
disused, and what appears to be the finer phrase cabinet 
maker is employed. 

Bttggestive Obaraotsr of the Early History of Eumiturt 
Making. 

It is something more than interesting — it is often 
suggestive of something pi-actical — to trace the his- 
tory of an art or the progress of an industrial 


calling. And if we do this in the case of furniture 
making we find some explanation ajs to how the 
toim cabinet making came to be applied to the art, 
Furniture strictly so called, as indicating the interior 
fittings of our rooms, is divisible into two great 
classes — first, those pieces which are required to be 
moved more or less frequently, as tables, chairs, and 
couches or sofas ; and second, those which, once placed 
in the desired position, are kept there. Although 
furniture fittings are in the strict sense of the term 
movable, as contrasted with the fittings of the joiner, 
which are fixed, this mobility is thus seen to be 
relative only — one part of furniture being fixed, as 
a rule, the other part capable of being shifted from 
one position to another. In the middle ages, that 
period in which the furniture of houses occupied a 
distinguished position, and engaged the services of 
the first artists and the most skilful workmen, its 
distinguishing feature lay in the caHnets, the great 
chests or ooffera, or the presses. Upon these, dis- 
tinguislied as they were from their prominent size, all 
tho ability of the artist, all the skill of the workman, 
was lavished. And as this class of furniture required 
of necessity the greatest care in its construction, it 
would in time c^ome to be looked upon as what may 
be called tho tost work of the artificer. So that if he 
could construct— all the better if be could also design — 
a fine cabinet, he would as a consequence be able to make 
the lesser pieces of tho furniture of apartments; and 
as the greater includes the loss, he would oome to be 
termed a cabinet maker— just as if the term cabinet 
making included all the lesser work of interior finish- 
ing. Furniture in the widest acceptation of the term, 
while it is ossoiitiHl as ministering to the comfort 
and to the conveniences of daily lifo, may bo made 
also to conduce largely to its intellectual pleasures. 
While useful it may be beautiful. And when once 
a more hoaltliy, because a more correct idea of what 
the beautiful truly is, and what tho high olKce which 
it fulfils, becomes a part of our intellectual and we 
may say moral education, it is beyond a doubt that 
tho furniture of our houses will be looked upon in a 
greatly different light from what now gonenilly, we 
may say universally, it is. W© shall then have our 
furniture beautiful as well as convenient. 

Tnrnitnre: its Oharaoteriitioi ; and loms Folati in relation 
tkereto.^Boauty and Utility, both frequently laerifloed 
for the Bake of Cheap Work, and lometlmei not at all 
eottiidered. 

To those, however, who have got tho notion tluit 
our furniture is beautiful because it is pretentious, 
or to some who take even a lower view of the matter, 
and decide that it must be beautiful and good because 
it is costly, what is sivid at tho end of the preceding 
pai’agmph must appear a strange, if not a startling 
conclusion to arrive at. Judg^ by an artistic or 
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KBthetic standard by no mennfl high, this is the only 
conclusion one can como to who honestly looks at 
furniture as it now pretty generally is, and frankly 
states his opinion of it. For when judged by the 
higher standards of ai’t-istic beauty, too much of 
our modem furniture is seen to occupy a position 
but little removed from the utterly barbarous in art. 
Those who may be disposed to doubt, indeed flatly 
to deny this, have but to examine the i*ecords at once 
documentary or written respecting more artistic furni- 
ture, or better still, the specimens which fortunately 
have been handed down to us as ocular evidence of 
what furniture was in times long gone by. It is 
not that money is now grudged by those who possess 
it ; it is in other ways, and even in point of fact in 
this department, expended as lavishly as it is expended 
with little or no true artistic satishiction. l^or is it 
that those who possess means are unwilling to have 
really beautiful surroundings in their houses. The 
truth would seem rather to lie in this din*<*tion *. that, 
however desirous they may be to get beautiful furni- 
ture, it cannot alwjiys ho had, for it is not now often 
made. To this, according to our highest authorititjs, 
the oxooptions arc laniontahly few; and oven whore 
exceptions exist, they at their best fall far below the 
magniiioent work of bygone times, At the same iimo it- 
is only right to say that those who have abundancuj of 
money have not always an equal supply of taste or a 
knowledge of what constitutes the truly liouutifvil. 
And if those had this, it is obvious that they would 
possess a gi-oat power in bringing about a liiglua- 
and more s<itisfm?ioiy state of things in regard to 
furniture. For of this they may rest assured ; that 
if they refused to have, no matter what it was 
which tradesmen offered them in the way of furni- 
ture, and would pay only for what they knew to bo of 
a higher class of beauty, the tradosiuori would vt‘ry 
soon make an effort to meet tlio wants of their 
customci’s. Tliey are but too glad to find a jnarktit 
for their goods; and if these be false in tast<', 
meretricious in design, the fault lies very much 
with the public, whose taste — if the tei’in bo ln‘i'o 
permissible — Is false, so tliui tln^y will have wliat 
they believe to be lajautiful, but which all lultj.s of 
art too easily prove to bo the reverse, or anytliing 
but beautiful. 

But, as w^o have sai<l, it is not so much a mailer of 
money. For it may be accepted as a truth, certainly 
in connection with furniture, that the same cost 
of labour and material will give in one case an 
aiticle truly beautiful, in another one i>o.sitivcly the 
reverse. And this, be it observed, does not apjdy to 
simple objects of comparatively small cost, — it uppli<*s 
with equal force to the most lavishly ornamented 
and the most expensively constructed articles of 
furniture. With some, indeed, it seems to be a 


settled thing that if you only put labour and material 
upon a piece of furniture it must bo beautiful. Hence 
the monstrosities we see sometimes, in which costly 
construction, expensive carving, and “no end of 
ornament,” gilding, and the like, strive, so to say, 
to be tho most obtrusive — giving aa a result objects 
which a man of cultivated taste would not have at 
any price, to which on no terms would he give, as 
the phrase is, “ house room,” 

Lack of Ability to Design, rather than that of Skill to Oon- 
etmot, frequently shown in tho Work of tho Oablnet 
Xakor. 

If this bo true — and it will, we take it, be some- 
what difficult to refute— it would appear that what is 
wanted is not so much skill to construct as ability 
to design. Of the skill to construct in the best 
possible way there is no lack amongst our workmen, 
provided they be paid for it, and paid well — for a 
dissatisfied workman is rarely a good one; provided 
also, — for there are two sides to this bargain, — that 
being well paid, fhe workman who can woj'k is so 
honest, and takes Hindi liigh j)rido in his calling— • 
which is the only giiarani(u» for good work — that ho 
will give tlio very best ho is (upable of. But if good 
work can l)e had easily enough, and can ctM'tainly bo 
increased to moot any demand (for merely mocbanic^al 
skill is by no means so rare as stime si‘em to think), 
tho same (lannot be said of good design. TJie shortest 
way to excellence would of course be to gain tlio coin- 
bination so common in tlio too muoli despised middle 
ages, wlien the workman was almost always an artist. 
Failing this, the next best thing to aim at is to get 
good designers. Good workmen to carry out those 
designs would, as wo have said, be got with compara- 
tivo ease, for of a given number of artisans by far 
th(^ largest niiiiibor will be found wlio are capable of 
being educjated or trniiieil to be (tlevei* and skilful 
(ionstnictors with whom notliing could be done 
worth the result of tlie labour bestowed in tho way 
of making them ilesigiiers. 

Improvement in the Work of tbo Cabinet Uaker. 

While, liowcjvor, making siub strict uriss as we liavo 
dt^emed it right to make on the position wliich, as a 
rule, furniture as an art mariufact ui*e oeeupies at the 
present time, and while asserting what we Jiave, witii 
but little feur of liaving our assertions proved to be 
wrong, if fads as they exist arouml us, and wlii<'h 
can be gathered from the houses of th(» great majority 
of the peopl(‘, he ufipeahfd to as the only source of 
facts, we M,t the same time are far from <lenying thai- 
improveiuent is now being made. We am, on the 
contrary, orily i<^o gl.id to :i<Iuiil that it is so, arel to 
point willi pleasui'e to the tact that it is something' 
more than merely at the tii'st point of initiation. 
The improvemtjiit made witliin tho last few years is 
beyond doubt something more than merely tentative 
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or initiatory. It has in some quarters made large 
sidvancefi, and a very much higher and healthier tone 
exists, and amongst a very much wider class, than 
existed oven so short a period as ten, or say a dozen 
yoars ago. To quote tlio wonls of one who himsolf 
lias done as much as any one in this paHicular brancli 
of manufacture to raise it to that position in which 
it is worthy of having the i)tcFix of *'art” attached 
to it, ** That a<lvanco has certainly l)00ii made ; a rc* 
action from ugliness to boauty has touclied at least 
some jiart of ilio people wlm live among civilization^ 
and in what we technically call the decorative arts 
This now rmaisaancQ has boon helped in this country 
by many ngonciofi, not least among wlihdi has boon the 
steady endeavour on the part of the Department of 
Sci(!nooand Art to spread artistic education among the 
public in goneral.” And tdie result of this, so far as tlie 
bramdi of art manufacture of furniture is concerned, is 
— again to quote tlio words of tlio sumo authority — such 
** that any one can now find in shops all over the 
country gocxls at commonplace prices, which both are 
intc'iidod to be and me beautiful, and more or loss 
marked liy artistic individuality ; that, in short, any 
one who clioosos enn make the interior of his house 
comely and pheasant without an unreasonable expendi- 
ture of time and troubhi.” But we slvould be taking 
but a low ostimate of llie duty wo owe to our readers, 
and paying but poor allc^gianco to the cause of the 
devedoprnont of artistic taste amongst all classes of 
society, if, while fully admitting the truth of what 
the authority wo have (luotod says as to the choice 
open io all to have msw furniture of higher claims to 
l)onuty than was jiossiblo to them but a iew years ago, 
we failed to point out that the misfortune of the 
thing is that the groat majority of the purchasing 
l>uhlic do not choose to “make the interior of their 
lious(‘S comely and pleasant.” And this not because 
they are absolutely unwilling to do so, or are indiflereni 
I'iiher to e<oiiieliness or pleasantness, but simply iiom 
t he fact that their artistic taste is so poorly developed. 
Or, to put it moi’C truly so far as a vast pi^oiKirtiou of 
the public is concermsl, it has no existence, so that 
they do not actually know liow comeliness and pleas- 
antness, in so far <\s those are dependent upon and 
I'l'oatcd by the beautiful, are constituted, and upon 
what principles they depend. 

Artiitio TMt« requires Development before Beauty in Furni> 
ture can be underitood or appreciated. 

The above may seem to some of our readers a very 
harsh decision to arrive at ; but we appeal with all 
confidence, in proof that it is but too true, jioi merely 
to the opinions of thoso who are in every way quali- 
fied to give it, but what is better, as it will be more 
convincing, to the fivcts and circumstances of every- 
day life by which we are surrounded. No doubt those 
who possess these ** surroundings ” may well say, as 


many no doubt would if appealed to, that they are 
perfectly well satisfied with them, that in their estima- 
tion they are comely and pleasant — ^in short, in their 
eyes beautiful. Tliis, however, is but, as it were, Caesar 
appealing to Cwsar, and he who makes the law is likely 
to think well of it. But the point is not whether 
what they deem to be beautiful, as Uung comely and 
ploiisant, constitutes the beautiful in reality, but 
whether their conceptions are based upon the prin- 
ciples whiish, according to authority beyond all dis- 
pute, guide, dictate, and create the truly beautiful. 
And tested thus, there is hut one conclusion open to 
us— namely, that the opinion wo have above stated is 
simply the true one, and that the groat majority of 
tho purchasing public do not choose to avail themselves 
of such sources of obtaining furniture “ comely ” and 
“ pleasant,” and in so far therefore “ beautiful,” now 
open to them, and this because their artistic taste is so 
little developed that they have even at tho best but a 
faint conception of what j'eally does constitute tho differ- 
onco between that which is and which is not beautiful. 

Wide Lftok of a Taste for Decorative Art amongst the General 
Fublio. 

But while this is true, it is true also, and unfortu- 
ntiU^ly for art, that another and a very largo, perhaps 
still larger sec^tion of the purchasing public, do not 
clioose the comely and the pleasant, simply hersause 
they do not think tbat any choice is at all necessary. 
They simply buy wdiat tlieir neighbours buy, or buy 
witli as much exorcise of thought of their own in the 
one case as in the other, what tho maker or dealer 
chooses to provide for them. And it is scarcely 
necessary to say that but too many makers and dealers 
purposely, if thoughtlessly, do provide what is neither 
comely nor pleasant. Wo corroborate this assertion, 
made with all duo consideration, by tho opinion of 
the higli authority wo have already quoted ; and we 
do so inasmuch as, whatever some of our readers 
may think, the majority will join with us in be- 
lieving that the wliole question is one bo fraught 
with practical importance of the highest kind that its 
cousiileration must not, should not in the true interests 
of tho reader, be passed lightly over. For in truth 
tho art education of a people is no light matter, and 
lies veiy much nearer to the heart of our social and 
moral progress than some wot of, What, then, aayB 
our authority on the point we liave above given 
expression to? While gladly admitting the great 
improvement made in the art manufacture of fur- 
niture during the lost twenty-live years, he goes on 
to say, “ I am afraid I must admit that the general 
public are 7 iot touched at ail ” (we puri>osely italicise 
those pregnant words) “ by any interest for decorative 
art; a /etc of the upper and middle classes on/y have 
as much as heard that there is such a thing as decora- 
tive, which should be popular, art.” 
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TEE STOVB MASON AS A TECHNICAL WOBEEB. 

The Pbincipleb and Pbaotiob of, the 
Mateaialb he employs in, his Wobe, 

CHAFTER II, 

AflilBr*1)Eilt Walling— DlmBiiiioiiB and Proportion of Btonei. 
In this ail tho stones are blocks of oonsiderable 
dimensions; the least thickness or depth — reckoned 
vertically as the stone lies in bed or in the course- 
being twelve inches. The stones for the best class 
of work should be carefully proportioned, the length, 
depth, find breadth having what is called a harmonious 
relation to each other, and the breadth, as a 2>, dg. 11, 
or length from front face e a to bfick face h i, never loss 
than the depth or thickness of the block, as a c. If 
the length, as a e orbd, fig. 1 1, bo from twice to thrice 
the depth or thickness of the block, as e s or a o, or 



two and a half times, and tho width or breadth, as e d 
or a twice or double the depth or thicknesH, a a or 
a c, tho block may he looked upon as well propor- 
tioned, or liaviiig its surfaces in harmonious relation 
to each other. 

Paisa Aiklar— Defeotlvi Porui of Btonei. 

It is very defective ashlar work, and always gives 
unsound or unstable results proi)ortionato to the 
extent to which the had system is carried out, to have 
the block cut so that the length of the buck fee;©, as 
f fig. 11, is less than that of tho front face, as h i. 
This work is but a shade remov(jd from that utterly 
bad system of cutting an ashlai* block when there 
is a certain depth of the block cut square in all 
directions, gi\’ing only in reality a narrow rectangle 
or parallelogram of the proiKir dimensions, as shown 
by the dotted lino J A, in place of the full and proper 
rectangle of upper face shown by the dotted lines J, h, 
I, m> This is false ashlar, and is in reality a block of 


rough or random rubble with mei^ly a false face, as 
aty ^ ; and is well entitled or classed as veneei'ed or 
*‘sham” ashlar, Blocks so cut will give still worse 
w’ork in the wall in which they are used if in place 
of having the depth at back, as g w, the same as tlie 
depth at front, t o, it is less, as at p. With stones cut 
as shown, h i o n g, and rounded at bottom, os at p, 
no properly hedded and bonded work can bo obtained ; 
and, as wo shall see’ presently, upon good bedding and 
bonding all sound or stable ashlar work depends. 

Teohnioal Terms or Hamei of Parts of Ashlar Blocks 
or Btones. 

Tho faces of an ashlar block have ditlercnt tt^hnical 
names. Thus the term ** hod " is applied to both the 
upper and lower surfaces, supposing tho block to lie 
in the same position as when in its proper pla(N» in 
the wall of which it is to form a part. But tho 
lower surface— that is, on which the block rests on the 
stone or course immediately below it — as the surface 
shown by tho pai'tly full and i)artly dotted linos s, c, g^ r, 
ill fig. 11, is called tlio ** bottom bod"; the upper 
surface, as a b d e, being the toj) bod,” on which tho 
next bIo(;k of course immcdiaU^ly above rests. The 
vertical surfmjo wlih^h is (exposed in the wall, or forms 
the front or visible siirfiun*, as a a a c, is (sailed tho 
‘‘face” of tho blo(sk ; the part shown in full and 
dott(5d linos, as fg i, tho “ bacsk.” 

Poliihed or Bubbed Aiklar Bloeki or Btonei. 

All tho buses of true aslilar blocks are tooled and 
dressed to form a cubicsal Iduck, with all its fnccss at right 
angles. And to furtlior ensure good bedding and a 
good joint in mortar, the factis aro all “ rublxsd ” so as 
to give perfectly smootli surfatMfS. Tliis rubbing is 
done gOTUTully l»y nicMiiK of a i)i(MM) of tho saims stoiie^ 
Urn rubbing down lioing ai<h?(l l»y the ns{» of wjttcjr ; 
although dry stone rul»hing mny Isi icsorted lo, ospo- 
ciully to finish off Ukj surfiu;e when dry after wot 
rubbing. In lai-go l>lo(jks two stomps may b(» placC‘d 
face to face upon mvh other, and the upper hlrnik 
dragged to and fni over tho surface of tlio low(ji' om«, 
water being usc‘d to facilitatcj the rubbing. Ashlar 
blocks so finished are torniod “ lujliKliod,” sometimes 
“ rubbed " ashlar work. 

Tooled or Droned Aiklar Blooki or Btonei -Different Ketkodi 
in Vie : Btralgkt-lined or Plain Tooling Buitioated 
Work. 

In ]»laco of liaving tho “ fac(‘S " or (‘xpowsl Hurfac(fs 
of ashlar blocks smooth by being ]K)Iishod or rubbed, 
they arc freqiujntly ** to(de<l ” or “ <Ji’Oss<?d ” in ono of 
a variety of w'uys. Those are very numerous, and go 
by a gT*eat many t<ichnical namcfs; many of wliich, 
although iiidicaiLing tlie same class of work, are 
known by names pit*valent only in one district or part 
of tho country, and not used in othirr districts or parts. 
'i*h© bui*face may be tooled with a shaip-pointed chhel 
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80 as to present a series of lines extending all over it. 
These may run horizontally along the length of the 


Fijf, 12. 

block, as in lig. 12 , or vertically across the breadtli,aH at 
a fig. 1 3 , or diagonally, as at ^ 6 and 6 , sauie tigure. 




Fit,'. 13, 

In place of having tlio rowing or lining to extend 
over tlie whole surl'awj of ilie “fac<^,” a margin is 
somciiiijos left all 1*0111101 the liiasd as at a a, 

fig. 14 , in fi’ont view of face, and in sectional view at 



foot of sketch. The surface of tliis margin may itself 
be lined, but in a diflbront way j or, as is generally 
the case, left smooth. But it is gonomlJy mwed or 
lined where the surface is i)ui*]>oscly left iwigh, as 
Bliown ill fig. ir>, whieh illusiitites in front or face 



Fiir. Ift, 


view what is called “rusticated work.” In this the 
gi'Caier part of the face is tooled so ns to present 
a series of project ions or kiK'bs of varied outline and 
size, tlie general etl'ect desired to be attained being 
I'egulated by the size of the block and the position 
it occupies in wall or structure. There are difTerent 
modifications of rusticated or rough-faced wall, known 
as “ rough^foced,** “frosted,” and “spanw-pecked” 
work, etc., etc. 


Other Kethods of Fixilihing the Faoei of Aihlar Blooki 
or Stonei. 

In place of having the face of the stone fiat, it is 
often finished with a rising part sloping off, as at A in 
fig. IG. All tlie sides of the projecting part slope 
inwards, of course ; they may meet at a point, as in A 
and B, B being the end view, A the side view of block, 
and as at the nght-hand side of the diagram C, to 
the right of the dotted centre line, this being a plan 
or top view of the face. Or they may meet in a point 
only at the sides, the end sloping part stopping short 
at some distance from tlie centre line sliown dotted. 
In this figure the diagram 1 ) is a side sectional view, 



I 


Fiff, 16 . 

showing at the left-hand side of the centre line how 
the end sloping surfiu'c stops short of the centre point 
of the block face. The appeamnee thus presented of 
tho surface of a waH built with blocks tooled and 
dresseil in this fashion, is very much like that of a 
series of roof-sloping surhices in miniature. The 
eloping surfaces do not start from the extreme edges 
of the face of block, but a margin is left all round, 
ns shown in (\ the surface of w’hich may be called 
the true face of the block, tho sloping part being as 
it woro only an addition or projection, supposed by 
those w’ho use it to be ornamental. 

Form! of Eztomal Joints in Ashlar Stone Walling. 

In ordinary “ polished,” “ rubbed,” or “ tool rowed 
or lined” ashlar work, the joints formed by the 
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superimposing of one course above another, show 
only straight lines, os at top and bottom of stone 
a a in hg. 13 ; the fineness, or rather closeness, of tlie 
joints depending upon the style of the workmanship 
of the mason in laying the blocks, In the best work 
the joints show very close, the layer of mortar 
between the beds being very thin. Mortar of the 
best quality is, of course, in this class of work only 
use^. In some cases, while the actual joints, that 
is tlie bedding surfaces, are in good work very close, 
the apparent joint, as viewed in looking at the 
general surface of the wall, is very open or wide. 
On looking closely at an example of this the reader 
will perceive that in some examples of open joint 
work the sides of each joint slope inwards at «nch 
an angle that they meet at a point in line, lliis 
line is placed centrally between the upper and 
lower line of the joint; and the effect is produccMl 
by cutting the edges of the ** face " of block all 
round at an angle, as shown in diagram E, fig. 17; 



Fiff. 17. 


so that when two stones so treated are plticed **on 
bed ” they form in section two angles, as shown 
in the sketch at the right hand of diagram E ; 
that to the left being a front view. When four 
stones, aa a, 6, o, rf, in diagram G, are placed together, 
the' meeting of their angular edges gives the 
appearance as in sketch. Open joints, where the 
appetirance they give looks like a sorio.s of grooves or 
channels, as in front view in sketch F, fig, 17, with 
rectangular sides and fiat bottom, arc produced by 
cutting a rebate or marginal part all round, as 
shown in the sectional skotcli in IT. Figs. 18 and 19 



Fiy. IS. 

illustrate courses of parts of walls in polished or 


rubbed ashlar work, vdth open joints above described ; 
fig, 18 illustmting the form of joint obtained by 
cutting the edges of face of block in the manner 



illustrated at sketches E and (1 in fig, 17 ; fig, 19 tlio 
form of the marginal cutting as in Tl. 

*tBond ” in, or Bonding " of Stones in Walli ; Iti General 
Frinoiplee and Importance. 

The practical work of masonry consists not merely 
in the selecting and cutting, dressing or tooling tho 
individual blocks oi* stoiicr.s, so as to give to them 
certain solid forms or shiqK's ; but in the way in 
which iliese stones arc placed together and s\ipei*- 
imposed one upon anotlaa*. liavo seen that on 

the nature of the bedding faces of stones, used in the 
building, say of a wall, much of the stability of tho 
structure will depend. If the bt'dding surfm^o or 
«iop bed” (as a h d c, fig. 11) of the block be 
perfocily fiat, much of the iidvantng(i obtained from 
this fiat surface will deviously depend upon the 
nature of the “ bottom Inul ” {h r y c, sanu.^ fig.) of 
the stone which is t() form part of the iiourse 
immediately above. If this ))otiom bod be very 
uneven or rough, and es[>e(Mally if its tlnekiu'ss, as 
u varies, so tleit tins “back” face, as f yn % is of 
less depth than tho doj)tli i o of tlie fa (!0 h t o tlie 
upper stone will tend to “ rock ” or sway to and fro u|>on 
the face of the oilier or low<:r stone. U’he vacant 
space formed between tlie two stones tlius [ilac(‘d niny 
be filled or janim<Ml iij> with smaller stones, or wiili 
thick mortar; but it is evidcait that lliis style of 
treatment — often, liowcvcr, adopte<l iii pi-actit^e — is 
only an endeavour to get rid of the evils whiidi 
carelo,ss workmanship has lirovight into (existence. It 
is clour that the most perf(*et joint Ixftween two 
stones, one resting njion tho other, will lat that in 
which the surfaces of lioth store's ;ii‘e so ev(^n and 
regular that the greatea* j>M.rt of tlx^ two surfaces 
will touch oiudi other. Tliis cannot bfs the case, of 
couriijo, in “roiigli rul»ble," or even in “(*oiirsed 
rubble ” stones. Still in tlie latter a certain good 
bed is often obtained, and consefjuent joint, by 
the interhKiking, so to say, of the two sui faces, the 
projecting parts or knobs of cne going into tiu? 
depressed jiarts or hollows of tlio otliei’. And in the 
ca^^e of “rough or random riiblde ” W'ork tliis inter- 
locking or dovetailing, so to sfiy, of one stone witli 
another, can be secured to a con.siderablo extemt 
by careful selection and adjustment of tho stoiiea 
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Admirable examples in abundance are met with of 
“ di 7 stone ” wall work in Yorkrtliire and districts of 
England where rubble or rough stones can be 
easily and plentifully had, or in Scotland, where 
work of this kind is earned out extensively. They 
aiTord excellent examples of the skill of the masons, 
who are indeed bred to, and only practise, ibis 
species of masonry, 

Thftoretioal and Fraotioal Oonditioni of a Wall— Couriei In 

Walling — Joint! in Walli, formed by the Oonriei 

Vertical and Horiiontal 

But the stability or strength of a wall or structure 
depends not only upon the form which each stone 
considered by itself possesses, or has by special tooling 
and working given to it ; it depends also, as wo have 
said, upon the manner in which the number of stones 
making up the structure are disposed in its bulk or 
mass. Each coursed rubble oi* ashlar wall is theoreti- 
cally consj(le]'(>d as a solid mass througliout, being 
defined as a solid i)i‘isni or i)aralloloi)ipedon, standing 
on a retitangnlar base of miuth greater length than 
broJiddi. But practically this solid is irmde up of a 
series of layfirs parallid to the base and to cjich otluir, 
each layer b(nng as a rule of e<jiial tliickTiess (u* depth 
througliout the wall. Tlie twlinical name given to 
each of these horizontal layers is a **(H)urso and as 
the courses are iiulependtmt of each other, (me resting 
upon the surface of the one iininediately below- - being 
separated only from each otliei* by the mortar used to 
cement tlauii togctlier — a S(>ries of joints are formed 
along the lines of lieighis of stones. But tliere are 
vertical joints also, l^liat is, t.wo nit> fornuHl by the 
Olid of one stone “butting’' ii]) against, or being placed 
in contact with the one or nearest end of the stone 
placed next to it on tlio i-ight; tlie other end with the 
stone to the left. A third jiant is formed by the back 
fiu^o of the stone if it butts up against the face of 
another in the same course. In ilg, 1 1 the horizontal 
joints are on the Hues ca^ sc — tho vertical on tlie 
lines efl, ac— the back vortical joint being on line by. 
Tliis bock joint is not pre.soni, of course, in cases wlu’ro 
a stone is of huigtli sufllcient to form the full thickness 
of the wall, as in the case of what is oalloil a “ through ” 
stone, presently to be dcscrilx'd and illustrated. In 
this case there is no hick vortical joint, as the two 
faoiw or ends of the “through " stone aic exposed, one 
to the front or outer, the other, to the hack or inner 
face of wall. 

Fuaetion or Vioi of Joint! in tbo Conriei of n Wall. 

Those “ joints " formed by the contact of faces of 
adjacent stones allbrd surfaces by which the different 
stones ore obviously kept together or from sepamting 


by being connected or glued together, so to say, by 
a mortar or other binding and cementing material. 
The veiy friction, indeed, between the two rough sur* 
faces — I'ough enough oven in the case of polished or 
rubbed ashlar faces— would tend to keep stones super- 
imposed upon and placed in contact with each other 
in the courses or layers. And this friction between 
the stones, or the “ grip ” which one stone takes of 
the one above or below it, forms an element in the 
construction of a “dry-stone wall," referred to in the 
last paragraph ; but one which must not be lost 
sight of in estimating the strength of a wall of this 
kind. An element of higher value than some might 
bo disposed to assign to it ; who conclude that it is 
from the interlocking of the stones between the stones 
as referred to, that a dry stone wall alone derives its 
strength and stability, But this merely adventitious 
or artificial binding of the stones together, in the 
case of walls in which mortar was used, would be 
unsafe to trust to, in endeavouring to secure a stable 
■ wall c/ijiableof r(‘Hi sting strains or sustaining pressures 
calculated to foive the stones asunder or to separate 
them. The full advantage of the cementing or binding 
power of mortar or of special cements (sec a suo- 
(!(‘oding chapter on “ Limes, Mortars and Cements") is 
iiot liere undervalued by saying the above, There is 
great binding or cementing power exoivised by mortar 
when it is gootl in quality, and judiciously applied— 
for in this, as in all other woi'k, thei'O is a bad and 
a good way of employing mortar, wliich we sliall in 
duo place notice. Mortar made by the ancient builders, 
and oven by those at tlie very early part of the present 
or late in the prc(*eding century, was in very truth 
moitar. Being of the best quality, it hardened like 
stone ill process of time, and sot indeed so fast that it 
formed in its(B’ a kind of artificial stone in many coses 
much harder and more durable than the original 
stones it bound together. So hard and firm that it 
was, and is to this day, no uncommon thing for ex- 
tensive arons of walls to fall or be forced over, and to 
fall to the ground in a solid mass, not in the slightest 
degree shattered or broken up. No modern-built 
wall, certainly very few walls, could stand a test of 
this kind; mortar as now used by but too many 
buildei*s— falsely so called, for they do not build in 
the true sense of the term-“ being a lime cement or 
true moiiar but in name only, that is, a composition 
in which sand plays an all too important part. 
And this sand, it is worthy in this connection of 
being hero noted, is of itself sometimes not of the 
quality to give a good mortar. For as there is 
lime and so there is sand and sand ; on both of 
which points we sliall have something hereafter to 
say. 
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THE FABMER AS A TECHNICAL WORKMAN. 

HIB TOOLe, iMPLEMENTB, MAOHINEB AND MATKIUALB.-^ 

The Pbinoiples of hib Work in its Vabioub De- 
partments, — 

CHAPTER T. 

iRtrodRCtory.— Farming m a Uieftil Work to be done. 

To those who may take a somewhat exalted, or as they 
may term it, a dignified view of farming, regarding it 
as a science rather than os an art — taking it, therefore, 
more as a thing to be studied tlian concerned witli work 
which is to bo done— tlie title wo have ehoson for the 
subject to bo considered in the chapters which are to 
follow will, we fear, be looked upon as something 
derogatoiy to what they may pTOlMibly call it, namely, a 
profession. But those who know what fai-ming practi- 
cally is will perceive how ihoronglily approj)ntito the 
title is ; for if any man has essonlially work technicjiil 
work — to be done, it is the farmer, And if the defini- 
tion of the term **tec}inical” given by tbo writer of the 
paper in the present work entitled The Workman 
as a Technical Student — How to Study and What to 
Study,” an advance proof of whicli is now before us, 
be correct, then tlie farmer is esHOntially a t(i:!hnical 
workman. And wo believe tliis definition to bo cor- 
rect, and thorouglily go along with tlie njasoning of 
the w'viter upon wliich lie baseH it, and which, in 
due course, our readers will liave presented thorn 
for perusal. Those of our readers who may not ho 
ao<|uaiTitod with fanning as it practically is, if they 
f/ivour UH by a perusal of what W’e pui-poso under oiir 
title to give, may rise from it with some conception of 
how closely the fanner who succesttfully jauctises it 
deserves the title w^e have given Jnin. Nor will tho 
reader have the less clearly imparted to him tliat 
if, as the writer above rofen'ed to justly says, all 
honest work is dignified, that of the farmer has 
liigher claims than tlie majority of workers in any 
branch of industrial work which ministers to tho 
necessities of the people — we might saft;ly say tho 
highest claim— in this regard, 

Faming a Dignified Calling. 

For there is no work which man does that brings 
him in such close contact with Nature and her works 
as that of the tillage of the gi-ound, or the care of 
the fiocks and herds which are supported by its 
produce. Tho only work akin to it is that of tlio 
gardener \ and for the matter of that the terms may be 
interchangeable, for the gardener may be considered as 
a farmer, but only of tinier crops, with this added value, 
that some depirtments of his produce minister, by tbeir 
beauty and fragrance, to the higher delights of man, — 
just as, on the other band, the farmer may be said to 
be a gardener. And this last way of putting the case 
carries with it considerations of a more thoroughly 
practical character than some of our readers may at 
present understand or appreciate. This we shall have 


occasion to illustrate in a succeeding chapter. Mean- 
while wo I'f'peat that the work of the farmer is the most 
dignified of all our industrial callings, bringing him 
as it docs into contact with all the higher manifesta- 
tions of Nature's ojun-ations. The more variety, to wiy 
nothing of tho individual chametoristios of each one 
of tho many plants he grows or tlie animals he roars, 
ailbrds exain]»le8 of natural plionomena the interest 
attached to wliicli uovor dies, as its characteristics arc 
as varied as tho inlluencos under which they display 
themselves. To the thinking farmer tho field opened 
up to his observation is alive, so to say, with a count- 
less liost of objects, not one of wliicli, in its (diaractor- 
istics and their development, hut wliat is suggestive 
of a train of thouglit, of a liiu^ of investigaiion, or of 
an experiment which wdll call forth his liiglu^st powers. 
For, whether he clioosos to learn thorn or not, his work 
is calculated to tcJich liiin lessons of higlau- wortli and 
nobler import ; which, while they will hoidthily incite 
iiim to be pie-oininently a good worktjr, W'ill adorn 
his life with all those graces of goodia^ss wliieh will 
make it nobly ustd’ul to otlua's and yi(‘Id the Jiighest 
satisfat^tion to hiiMself. Nor do we lose sight of 
the hope that wa? shall Isi able to sla»w to kiicIi of 
our rciiders who may not at jaescait jiossess, not a 
full, but even a fair knowledge of what farming is 
that although we designate Juin in our title as a 
ttjehnical workman, wo do not lose siglit of, but- rather 
indetnl include, as of necessity, the fact that his work 
is dignified in a sense otiicr than tlait to wliich we 
have just now alludeil ; so that- ho may bo said to be, 
in tho truest sense of the ter m, a sci(uitific worker. 

I 

Farming ai an Art and a Boienoe. 

We hero, of course, assn me that the farmer os a 
technical worker is a trained workman. Traimwl in 
tho highest or most comjilete semse —that is, wlio not 
only possesses the manii)ulutive or oUior skill noiu^Hsary 
to do the work demanded of iiim, but knuvm what tho 
work is, what are the j)rincij>hjs upon which it is based. 
It is thus that — to use tho popular expression — 
fai'niing is at once an art and a science, a thing of 
pniclico and of knowledge. Both tlicso rtjquisilos 
to Biiccesw in farming, as indeed in any class of work, 
are, however, involved in thetonn ‘^Iwhiiical”- tlwitis, 
w1k*ii the definition of tli<J ferni is accepted such as is 
given by the wriUfr of the {>aper “T)io Workman as a 
Ti'chnical Student.” Taking, t lu-n, work to eoinprehcnd 
or embraiie alike; tins capaliility to do or iKirform its 
various recjuireinents, and the capacity to knou^f, that 
is, to leurii and apply th<; principles up<m whicli it is 
based, and witlioiii wliiirh work cannot, in the pro|s;r, 
the highest sense of Llio term, be said to bo done at all, 
— it will bo tho object of what is under our title to 
be given, to conviy, as it ought to demand the l)cst en- 
deavours of the writer to secure, a thoroughly practical 
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expopdtion of what farming is in tins double sense, of 
a thing to be known and to be done practically. The 
reader, whom we suppoisie as yet not to know much of 
the subject os a whole, may reasonably and readily 
enough conjecture, what is, after all, but a very 
oommonplnco conception of what farming is designed to 
do, that the details of its prjwitico are numerous, if not 
coini)licatod. But althougli he may so conclude, it is, 
wo think, pretty certain tlmt ho will Vkj in no Hinall 
degree Kurprisorl to leiirn tliat before a man can he in 
the true sense of tho term an accomplished, or to use 
the more liomely if better understood phrase, first- 
class farmer," he must know, and know tlioroiiglily, a 
very wide range of scientific subjects of study and 
pnictioe, S<j wide, indeed, and so vai'ied in tluni’ 
nature and in their modes of i)rHeti(yil aj)plication, that 
if we gave now a more hald emimei'ntinn of them, iho 
rwider might wi^ll eoncedve that a lifetime would ho 
required to niastor those aloia^, lo.iviiig no time for their 
practical «pplit*ation, OerlMiiily he would conclmlo, 
and with just ice,’ that iiny farmor wlio knew tlioso 
varieil hi-anciios of scioiico even nusleratoly well 
poas(\ssed every claim to ho coiisidorod, and indeed truly 
would he, a very learned mati. And this conclusion 
would he (unijicntly just ; and in the lives of more than 
one farmer it has boon remarkably exemplitied. It 
has been tho lot of tho pri^sont 'wiitor to number 
amongst the friends uiudo during a long life many 
farmei’s; and of these, again, not a few wore fully 
entitled to be willed learned men in the sense of tho 
term we Imvo used above. 'J’lierc was sciiveely one of 
wliat may be called iho praetiwil or fij>j)lied branch(*s 
of Hcionco but what they sliowed they iw>ssessod a. 
knowledge of fur beyond and above wh.at may 
be called table talk or surface ucciuaintanco with 
it. And this position is what the reader coTU'erned 
in or inti'iiding to he concerned with tins ]>ruotical 
working of funning should aim at securing. Tie may 
not be able to si'curo it in all its ^'aluable elllciency ; 
but tlio higluM’ tilings are those for which he should 
strive; for if he does not get all of tlu'in, he vill get 
some, and wliat he does procure to liimsidf will he 
worth getting. AVe trust that in this endt'avour lie 
will tlnd some liidp from ^Nhat we are now about to 
present him with in these pages. 

Aim or Object of the Freient Seriei of Faperc - Relation 
of the Subject to Technical Work. 

In what we have to present in this direction, it is 
obvious that the space givi'u to us, and into which we 
have to coni|>ress so much whicli must have atten- 
tion ]>aid to it, will in itself prevtmt us from going 
deeply into all the scientitic details. But wo shall, 
wh trust, be able to give the giuieral results of the 
Bcientific research of those who have devOted them- 
selves to the inn>ortant suhje<‘ts concerned with 
the practice of farming in such a way tlmt they 


may be applied with comparative ease to the 
details of that practice. Whether this knowledge 
of scientific results will be applied by the reader to 
his practice, rests with lumself, not with us. It is one 
thing to present a starving man with food, another 
thing to persuade him to take it — for even starving men 
have been known to quibble and deny that what was 
given thorn was food at all — and quite another thing 
to ensure that even when taken it will 1)6 assimilated 
by liim, and so assimihitod that it will not merely 
save life, but will nourish and promote it for after 
work. Tn this matter, then, the reader “ must minister 
to himself," There tu'e some phrases in daily use 
amongst us which have certain meanings attached to 
them, and have het^omo so fixed and stereotyped, as 
it wore, in tlie minds of men, that no matter how 
dcsirahlo it may be that there should he another and 
a wider and truer moaning given to them, it seems 
hopeless to expect that this higher one will ever be 
given to them. Amongst those phrases is that of 
working man.” Now, although that term is applied 
to a class of the community which is a very wide one, 
both as regards the tlivoi’sity in the Ciillings of its 
members as w(dl os regards the vast aggregate of 
tluir numV)ers, still those who look l)elow the mere 
surfaeo of things know w'cll how narrow its meaning 
is, and how narrowing also, and more unfortunately, 
is its educational and social influence. This w^ork, of 
wlii(?h the present chapter forms a part, is, on the 
other hand, an example of tho much wider and higlior 
nioauing wdiieh the term carries with it when rightly 
defined. This is essentially a book connected w'ith 
work, and is tlierefore pre-eminently one adapted to 
the wants and wishes of the men who do it. But the 
merest glanco at the list of subjects w’hich its pages 
discuss will suffice to show how wide and varied the 
lines of this w’ork are, and how wide by consequence 
must be the class, or rat her, as wo should say, liow 
numerous tho classes, by which that work is done. 
The pages of the woik, therefore, clearly do not address 
themKolves, and wci'e not — ns far as an outside view 
of it enables one to judge — designed by the conductors 
of it to address themselves, to one class only, however 
numerous that class might bo. It aims at meeting 
the wants of that great class of technical workers who 
minister in a wide variety of ways to the wealth and 
iullueuct) of tho community as a whole, and through 
thcM”) to the individual lioiiefit, social, moral, and 
industrial, of all. The workingmen, thou, whom this 
book nddressi's, belong to no special class, and the 
phii\se “working man" has in it, therefoi'C, a much 
wilier and higher signification than that given to it in 
popular ftc<‘e])tation. Its pages purpose to help, so far 
ns their nieilium possibly can lielp, all cloiises who 
wild) to do their work well, whatever kind of t€«.dmical 
work that may be. It will be useful alike to the man 
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who has boon college bred, taught in technical schools 
or classes, and it is to bo hoped even in a more 
telling way, a more efficient degree, than those who 
from the circumstances of their lives have boon pre- 
cluded from all the advantages of early and special 
education, and are now eager to make up for their 
losfi of time by doing what they can for thoniselves in 
the way of acquiring knowledge, by the plan known 
popularly as self-education. 

Btl&tion of the Object or Aim of the Papers to the Ordinary 
Working or Farm Labourer. 

And applying those remarks to the special subject 
of the present paper — in view of which, indeed, they 
have been penned — such information as it may give 
in the course of its s\iceoeding chapters will bo valuable 
to those who are either about to engage in farming, or 
are studying with an aim at some future time to do 
so, who may belong to the clafis able to aflbrd not 
only the education necossaiy to make them good 
fanners, hut to ho able to take and cultivate farms. 
But some readers wlioso “lines may not bo east in 
siudi ploasiint places," who mny in fact be of that class 
popularly known to bo but “ working men,” may 
have a difficulty to see how' such infonnalion as w'e 
may give is likely to or can bo useful to them prac- 
tically. Now, it is n{»t given to every one to l>e at the 
top of the tree, still it is one’s duty to (dimb os high 
as it is possible for him to do ; and certainly one will 
never begin even to try to climb who sits or hdls 
lazily at the root. We need say no more on this point, 
which is indeed so clear and self-evident that nothing 
more than what has been said is required to show its 
importance. And the very ftwjt of any ono of Uio 
class hero indicated — namely, w’orking men possessed 
of no means to push themselves but their determina- 
tion to do so — reading this gives evidence that he is at 
least desirous to get on in life, so far as study will lielp 
him to get on. And tliore can be no doubt of tliis : 
that u thorough knowledge of oiio’s work will bo the 
best possible help to him to got on. For the man who 
is known to hnuw his work well, is in the best and 
highest sense of the term a “ marked man." lie is 
of a class of which the members are too few, unfor- 
tunately, not to Ikj higldy vahied when they appear. 
And when promotion is going on^as it always is 
going on in bii>iness, say what grumblers will to the 
contrary --the promotion doei not go to the lazy, the 
indifferent, and the ignorant, but to the man who, 
whatever his work hits been, has determined that he 
will know it thoroughly and work at it honestly, who, 
whatever his rank may be, determines that he will, 
if possible, be the first of his rank. A man of this 
clajU is sure to get on, for the best of all reasons, — 
that the value of its members is known, and as we 
have said, they are too scarce not to have a high value. 

vm, I. 


Now, what we have to give will, we venture to say, 
be at least ono of the helps by which he will be 
assisted in tlie work of getting on— which may, in 
other words, be called the work of selMmprovement. 

Nor is it true that a veritable working man, in the 
popular as well as the true sense of the term, is not 
likely ever to have a farm of his own, Wo do not 
say that every ono will, or that everyone can, however 
good he be ; hut wo do say that there are far greater 
chances of a farm servant, or a working man in some 
oilier class of work who has a love of the country and 
of country work, getting a farm of his own, than many 
arc disposed to admit. As we write, ono of the farm- 
ing papers wo road weekly ha4^ just come to hand, 
and our eye has singularly enough lighted on a paper 
f*ntitled “ Farm l4il)ourci‘s," wliich takes up this very 
subject, and points out in how many instances farmer’s 
now holding good positions, and some of them of 
eminence as practical farmers, wia’O at one time, and 
that not so very long ago, labourers, and but labourers 
on tho farms of otlu‘rs, Ono case named by the writer, 
a very w(dl kiK»wn and able farmer himself, is worthy 
of special notice liere : that of a farmer who now 
farms, and farms wtdl, no fewer than tlvo humh-ed 
acres, ami who for yi'ars had to ke(*]> himself and 
family on ton shillings a \ve(‘k, Ix^ginning life with 
wages so low that at wwonteen years of ago be could 
nud did earn only ihrt'o shillings a we(b. Kur(.*ly tbere 
is encouragement boro j and siicb c-asi^H, we know, are 
not special in the sfuise of luang isolated, for we 
benrtily endorse tlio statenuMjt of the editor of tbi» 
farming paper we have allmltMl l-o wiien ho says — ami 
few are better able to give a souml opinion — “We 
believe there are Ijiit few estates which could not point 
out some of their best tenants who have omto been 
labouring men," Lot ono fact be remembored •. ilial 
young men now are very much better od’, not only as 
i^egards the wages they receive, but in respect of having 
opportunities of self ' improvement, which leads to that 
of personal position, than those were w)io began life 
so many years ago. Of the truth of this, tho writer 
may ho jiardonod if lie refers, as a striking evidence, 
to tho work in the pages of which ho is now privilcgeil 
to address Ids readers. 

This not only makes tlie w'ork of progress Ofisier, 
but, rightly looked at, all the more a duty to oneself 
as well as to wjciety that it l*o honestly porfonnod. And 
the doing of this duty nocessitatos not merely the 
cultivation of all tho higher intelloctiial and moral 
powers, but those which give the skill — the liandicraft 
power — necossiiry to make knowledge of practicid 
avail. No matter on which side we look, in what 
direction we push inquiries, we find that nearly every 
help, legislative, social, (xlucatianal, is put within tho 
reach of every young man desirous to rise in the 
world. 
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THE DOHEBTIO HOUSE OB HOME PLANHEB 
OB DESIOHEB. 

Tub Wokk c>f tiii: Youno Auchitect ou Buildeii in the 
Debioninq ok Houbkh roil Town and Countey. 

CHAPTER TI. 

Borne Praoticftl Examplei of Kal-Arrangement of Home 
Apartmenti (Gontinned). 

.1 N our procodiiig cliiipt.or we gave in tlie Iasi paragraph 
womo rtanarks under iliis lieacl. Referring the reader 
to wlijit was ihoro Bl-Jiied, we protjood to analyse the 
(‘xainjdos rwurjod. If the position of this cellar-kitchen 
could not bo very seriously objected to- --all hough graver 
obje(‘tionH on tho score of health can be hold against all 
sunk or somi-snnk iDoms usi^l as living rooms, that is, 
apartments in which oiu^ brand i of tbo family remains 
habitually ■ lot us briofiy cxanniio in liow far this 
position alleeted thDConvoiiiiaico in doing the osHentia.1 
work of tlio house. Tho kitduui, placed as wo liavo 
soon in a sioiy holow the <liijing-rooni or grouinl 
ilooi' of tl»e ]ious<‘, was nvahed from tin's upper floor 
by a flight of slops plaeeil at the liack and ontHuh of 
the house, leatling iniotla* yard or hack garden. This 
llight of sti'ps could not ho ohjoclod to «'ither ou llio 
ground of being nari‘ow <»• very sU'oj), for there being 
ample room, both r('(piisites in a good stair, width of 
sUfp and ('asy or long inclination or angle, were so 
far ferlnnatidy secured. Tlie origimil idea was that 
when the domestic Iiacl to go from tlu' kitclien to 
the dining room, for example, Jihovo - say with the 
dinner ajjparalns and maii'rials — slu‘ had to issue 
from her eellar-i’oom io the back yard, aseend ihe 
steps, o)»<*n th(‘ door at tla* head of the llight heading 
io the])assag<‘ or lobby of tin grimnd floor, and traverse 
ni'urly Ihe whoh' of ils lengtli before slie would reach 
the iloor of the dining-room. It would Ii)ok as if we 
had hut a poor conception of tlio inii^lligoneo of tho 
j'iMnh'r if wo doi'ined it necessary here to }H)int out to 
him tlu'. inconvonii'iice, loss of time, etc., ai’ising from 
the carrying on of the daily, ever-recurring work of 
the house, at all tinu's and in all woathei's, with such 
a singular arrangement or “ plan " of this part of tho 
house. 

Some glimpse of tho singularity of tho ari-angement 
--to charaeteriso it in the mildest of terms- -seemed 
to have crossed tlio mind of the builder, or tt» luavo 
l)een suggested to him by some one who Imd a clearer 
notion of what was really duo to the domestics of the 
future' liouse on tho score of eomfoi't or of health . 
probably by some j>roposing tenant, for it was at 
,'t later stage determiiual to giNe the girl or girls a 
more diivei iiunle of access from tlie kitchen to tho 
uppiT I'ooms than had been originally pii^posed, and 
this tho only possible way out of tho roundabout 
met nod. That this, if more dii’Oct, could not be a 
verj’ easy access, may well he conceived when it is 


considered that the wallfl of the cellar or ecimi- cellar 
kitchen having been already built, the space for the 
Higlit of stairs had to bo takon off or deducted from 
tho working sparx? of the kitchen. 

Defiolenoy of Floor or Working SurfBoe in Kltokon, eto. 

And in the spo(jial case we are now analysing, the 
working spatie at the best was so straitened that it 
could only be called the minimum of what ought to 
have been its floor surfixce or dimensions. And it is 
worthy of remark here, that this deficiency of working 
floor space in kit(?hon, etc., is a characteristic even 
of high-class houses, upon which so much having been 
expended to secure a fine stylo in, one would suppoyo 
that some expenditui-e would have been given to 
obtain comfort in tho working parts of the house, 
The flight of stairs was, therefore, of ihe narrowest, 
and in oi der to gain the licight required for the ascent 
not a few had to bo given to it of those awkward and 
always inconvonient and too frequently dangerous 
angularly-shaped stops known as “ winders.’^ (See 
further on in this paper, and in the sorios of 
inqievH under tho heads of **Tho Joiner’' and “TJie 
Mason," for a full description and illustotions of the 
details of Stairs,) Tho result was the giving of a 
flight of stairs of that class which lias been graplii- 
cally termed “break-neck stall's." So very marked 
an example of tliis (dass, tliat when tlio liouse came 
to bo inhabited, the servants had such an objection 
to the use of tluj flight— fearing, if not a catastrophe 
of broken limbs, at least that of plates and dishes — 
that they rarely used it, direct, in such fashion as it 
could only give, as the access was. They prcl’erred 
tho safer, and in that sense easier access of tlie I’oiind- 
about system, sN'ith all its loss of time and disijomforts 
in cold or bad weather. Rut those, not so much 
grumbled at at fii-st, beeamo so grievous by tho 
never-ending repetition to whicdi wo have already 
referred as a most important element in all such or 
similar cases, that servant after servant gave uj) tho 
“place" rather than be so tortured. 

THb FireplAOB or Oooking Bangs in relation te ike Window 
of the Bitoken. 

The final adjustment of the difficulty, if not alto- 
gether satisfaetoxy, was at least so far so that it gave 
peace to the household. Ainl it vrm this. The all-too- 
sti’aitened sitting-room befox'e alluded to as forming 
one of tho i'ooms — so called in this case on the 
principle of iums a 7ion lucendOf liccause it was not 
a room in the useful sense of being roomy — 
on the grfHind floor, adjacent to the drawing and 
dining-rooms, was made into a kitchen. But Wing 
so straitened, “ ample lOom and verge enough,” or at 
least as ample as could bo given, was obtained by 
kucK'king out a part of the back wall, extending the 
floor space outwards, and giving live window at the 
back of the newly-formed “set-off” or projecting part* 
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But thus arranged it was but a very inconvenient 
kitchen at the best, for it was merely a long narrow 
stiip of an apartment, with the light thrown so far 
away from the fireplace that cooking had to be done 
in a very ol>s<mrc Hglit, And this, at tho best of 
times, was made mora obscure by the fact that the 
cook had to ** stand in her own light," as she had of 
necessity to turn her back to the window. As a con- 
venient kitchen it certainly could not be clas.sed, yet 
in convenience notwithstanding it was far in advaru^o 
of the original arrangement, for it saved lime and 
fatigue. 

Farthar lllnitrAtioni pf Miitakei in Eouie Plannings 
The Leaioai they yield. 

Wo could cite many othtsr cases, which, though not 
so gliiringly defective as the one we have given, are yet 
bad enough. And n« wo wouhl take the illustration 
from actual practice, wo may lU’eduMilo that the 
mistakes exist in other houses, or may yot exist — for 
wliai has been done once may be done again, JiowevcM* 
in)likely the doing of it at all may a])pcar to be. Jt 
is difiiciill imh‘ed to say how absurd may be the 
mistakes which some lioiisc planners or designers 
may por)>otrate. For exain]»le, a i)lan htn l.u‘on 
known to be sent out for a, liouso in which no 
provision was inacle for a staircasi^ by which the 
bedroom floor could bo reached from (lie ground 
floor. And had tho building been proceeded with fur 
enough, there wouhl have been but two aliernativt^ 
inoUiods left of getting over ilio difliculty — cillier 
building an outside staircase, or taking part of the 
space from one of the entertaining rooms on the 
ground floor, and a like space from the room imme- 
diately above, to give u landing on the bedroom floor. 
Fortunately one wlio know what a jjIhti ought to lu) 
discovered tlie grote.sfjue mistake— for in one sense 
it was so — of the original planner, if indee<l such a 
designation was applicable to him. 

Such a glaring absurdity as this now named, sf»ine 
of our retiders will scarcely give credence to, it 
being so unlikely that any one could perpetrate it in 
piuctice. But those who have liad largo experience 
in house planning, and who have, a.s a consul uoticcs 
seen what is wide practice, in which the work of 
others is shown, know too well that mistakes, if not 
quite so gross or grotesque as this one, are made, and 
often made, in house jilanning. And, unfortunately 
for tho.so who have Jiad to live in the houses so 
planned, the mistakes perpetrated in tluuu ha<l not 
been discovered before the building was completed. 

Omiiiion of Storing Oonvonlencei in Homo Plani. 

One would suppose, for example, that no one sitting 
down to plan a house could be absolutely ignorant 
of the fact that in every well regulattal }jou.st*hold, 
articles in daily use, such as dishes, cooking utensils, 


and the like, after being used, are cleaned and put 
away ready for tauploymcnt on other, and as a rule 
(piickly rocurring, tvcuisioiis. Nor is it easy to sup- 
pose that the planner could be altogether unawan' of 
this fact : Tliat, ns pwjile ha^■e to eat to live, and 
live to oat, and as provisions hu- tho same have to 
be bouglit ami kept in readiness for use, as a con- 
secpience .sonu* kind of place or apartment is itHpiircd 
in which tlu‘y can be so kept. We iH'peat that it 
is dillicult to conctdve that tho planner of a house 
could be ignorant of all this. For living in a liouso or 
home, as he must have done, whore the comforts of 
life were to bo had, surely lie could not, hut- perceive 
that such things wore required for comfort, and there- 
fore demanded c(‘rtaiii convenienci's. Aiul yot lie may 
just as w(*II have laid no obsi'rvalion at. all, and been 
absolutely ignorant of all the work of daily domestic 
life, for 2>riictica.lly his plan showed no provision for 
it. We are not in this merely supj losing a case. For 
not onc(^ iiH'ri'ly, but tVecpiently in the course of jiro- 
fession.'il examinations of hoiisi's, have we (‘oiiie across 
t‘xamples wlit're tlieie was but. the vt»ry iiiiniuium of 

eonvenii‘niH's for carrying on the daily work, and 
some Nvheri^ they did not exist at. alb No doubt the 
latU.T ease we laive only met wit h in eottagi s, or houses 
of a poor class. Ihit ev<ui in sueli castes it- was an 
uiqinrdonalde sin bu’ tie* 2»liiiini‘r of those lioust*s to 
arrange tlieiii so tliai not. a, single conveiiii'iiee was 
provided for jiuttiiig away tilings not always but \ovy 
fjequontly used, or for storing upsucli small supplies of 
provisions as scantily filh'd juirses <vin alone command. 
Uiijiardonable, inasmuch as the planiii!!* must have 
known, or ought to Imve known, that poor jieople 
have tlieir little eoiiiforl.s to be attended to just a.s 
mucli as tiiD.Ht! in siijierior ranks— all tlie more, in 
fact, tliat timse comforts are lait few. Wlill more 
unj)ardonal)le if, while knowing this, tlie i»lanner 
refu.se<l to iiiiiiistej* to the c.omfoj'ts of the *‘hut,s 
where 2>oor men lie," on (he .m-oj'o that it was quile a 
mailer of indillereiK^o whether tliey wm'e ministered 
to or nob Tlie other sin would, or might be, tliat of 
simple ignorance or neglect; this one wou'ld he a sin 
against liiimanity. 

Storing Convonienoei, ai Oupboarda, Fnntriei, Larders, and 

the liko, Eiiential even in the Poorer Claiiea of Kouiei. 

And wliiie on this point, let us parenthetically 
remark, alt}>ough tlie point is oim deMa-virig of fuller 
tn»atm<*nt, that we may talk as we like - and very 
frequently hig talk" is indulged in— of what W€ 
clioi^se to call the untidy, careless home liahits of 
the poorer ehisMs, luit we forget that w« not only 
encourage tliese, but positively plan and build 
their )iou>cs in such a way that it irt an absolute 
impo.s.sibility for thf?m to be anything else thai: 
untidy or carelcs.^ in their home hahitH. 
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This PuiNoirLKs and I'daotick of His Wokk, in Healthy 
House Auranoement and Construction.— Teohnjoal 
Points op Sewerage and Drainage, Ventilation, etc. 

CHAPTER L 

iRtroduotory. 

Time was, in the history of our country, when the term 
or title whi(!h forms the leading part of the bending 
to the series of papers now begtui would have been 
U) the gi’eat bulk of the community simply meaning- 
less. For although t>»o term “ sanitary " had a phice in 
our dictionarit!s, it had none in the common langunge 
of the people— none, at least, as convoying oven the 
remotest (ionception that it cjirriod with it ideas (!on- 
nw'tcd with the doing of prnc-tical work which closely 
concornod, not merely their healthy, hut their moral 
and social woll-hoing. At this period in our history 
now rofen'ed to, all classes were content to live undcu' 
cii'ciimstanees of liouso (ronstj'iu^tioii and its immediate 
surroundings, witliout ever troiihling themselves as to 
wlit^tlau* tli(j conditions ■w'hi(?h those involved were in 
thcii' results bcnciicial to tlxar lu'aItJi or the reverse. 
Now and ilu‘n, in conhcipa^nce of some striking and 
[)ninful outbreak of disease, or some startling Forics 
of dcatlis, wliich in intensity aTnouni^'d to a, ealamity, 
the attention of a few thoughtful men was directed to 
the subject, and soni(! conceplion, more or less decided, 
was obtained tluit there miglit be a, connection betwOiUi 
the caijLstrojiho and the houses and their surroundings 
in which it laid hupj»ened; and some notices, in a way 
more or Jess jniblic, might be iakcai of the point in 
some isolated jouvTial of iJie day, or possibly a less 
vanishing place might bo given to it in the pages of a 
book, or tlirongh the medium of u })aj)er read before 
some learned society. Ihii even this slight movement 
of the waters of ignorance or absolute popular iii- 
dilVcrence to tlie subject of the health of the peojde rs 
alVected by their iiomes and the conditions hy which 
those were surroumloil, is only a matter, so to say, 
of yostiMHlay-* but a day or two ago in the histoiy of 
the nation. The prcscaii century had certainly reached 
its lirst quarter before e\en seienlitic men genenilly 
began to think that there might be some eonneotiou 
lK3t>veeii the eonstruc^tion of liouses, the I'onditions 
by which these were surrounded, and tlio sickness so 
often ending in stivrtUngly numerous and striking 
instances of death wliich marked out some, and even 
W’ido districts, ns, so to Bay, the liotbeds of diflease. 
Thit the (‘(MituiT liad grown older still before this 
thought fulness of some — and tliose indeed few in 
nimdier, and possessed, unfortunately for the interests 
of tlio pooph*, of but little of that commanding in- 
ilueuoe whieh takes hold of the public mind and brings 
about public action — had so far done its work as to 
cause others possessed of this intitience to take up the 


study of the subject and give it a place amongst those 
public movements which are known to have n close 
and direct beaiiiig upon the public welfare. But so 
far as the general public were concerned in this new 
and moat important movement, it may with some 
safety be stated that it is only within a period of 
very little more than a generation ago that the full 
importance of the Bcience which is called sanitary 
lias forced itself upon the public mind ; and that the 
details of the subject have taken such a commanding 
position as to raise tlieir consideration to the dignity 
of a science. 

PTSient Foiition of the Science of Sanitation. — Ciroumetanoei 
which brought it abont. 

Tliat the position whieh the “ science of sanitation,” 
as it lias otherwise been termed, has now attained, is 
not due to the exertions of scientifie men considered 
purely as such, its history abundantly proves. Indeed, 
it may well be questioned whether, if the hold which the 
subject has now of the public mind had depended for 
its cimtion and its nurture solely upon what men of 
science as such did for it, that hold would not have 
been vastly more Hlotidor than it now happily is, and 
ii-w iiiitiution have been kept Iwick for not a few yoftis. 
But, foitiinately for the intCT'csts of the people gener- 
ally, coincident witli, if not indeed actually antedating 
or preceding the exertions of men of science, certain 
philaiithro])ists had taken up the subject, impressed 
chiefly^witli a sense of tlie importanco of the fact that 
it was po.'St‘ssod of momentous moral and social pnn- 
ciplee, exercising a most potent intluence upon the 
well-being of tlje population. With Buch considerations 
science purely as such lias no concern; it deals only 
with material facts and circumstances, and endeavours 
to diw^over the laws, if laws there be, which govern 
and dictate the practical facts and outcomes of the 
case. But, happily for the progresa of the whole 
question, the combination of the man of scionce with 
the philanthropist was, in the early days of the 
history of sanitaiy science, not seldom met with. 
And the result of this was, the repreaentation of 
philanthropy as to the mol’s! and social evils arising 
from the insanitary condition of our houses, especially 
those in densely ci*owded districts, backed with the 
teachings of science as to the physical evils of this 
condition, gave a i>otency to all that was mode known 
on t he question, which compelled, so to say, not only a 
readier but a quicker appi’eciation and apprehension 
of its value by the public. It is, therefore, now well 
understood that the moral and social considerations 
connected with the subject, and those wliich are purely 
scientitic, cannot be separated if we would, ought not 
to be if we wmld. And in place of this dual relation- 
ship acting injuriously on the progress of sanitary 
Fcience, and Idndering, if not in some eases wholly 
arresting, the work of the sanitary architect, It greatly 
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and most efficiently promotes it* A subject of necessity 
possesses a greater value if we find that while its 
practical conception ministers powerfully to the health 
of the people, it also ministers no less so to the 
improvement of their social and moral condition. 
Hence arises the double infinence which this subje(*i 
of sanitary science exercises on our population, and 
the greatly increased importance of the work of the 
sanitary anjhitet^t. 

Twofold Aipeot of Sanitatloii. 

This view of the subject, the accuracy of which is not 
likely to bo disputed even by those who may give gioator 
prominence to its scientific than to its inoi-al and social 
aspect, naturally divides its consideration into two 
distinct licads. The first of these is concerned with 
the moral and social points, the second with tlie purely 
s(dentific and constructive. And a notice of the first 
of these two inotliods of dialling with the suhjcid, 
in place of lessening the iinportaiice of the details of 
the setmd, will he found greatly to increase it. This 
notice will in fact afFord still more cogent reasons why 
those scientific! detiiils should ho generally apj^hed to 
the practice of liouso tirrangc'iiicut and (*onstruction. 
But in truth, as we liavc already sjjid, th(‘ two sides of 
the question cannot bo separattMl. We thendore, pre- 
liminary to tlu‘ scioniifie and const nu^tive details, take 
up brielly those which lu'ar upon the social and moral 
welfare of the community, 

It haa only been within a comparalivoly recent 
penod of our national histoiy that the condition of 
whai.are known as the louver classes of society has been 
a subje(!t for the conshloration of those whose wwldly 
good fortune it has been to be placed far above 
material want, and who in turn (jonstituie the hotter 
cliusses. Isokted (jases, no doubt, wore met with in 
whhdi some attention was given to the wants and 
woes of the very poor and tlie otlmrwise utterly 
neglected. But it fieerned never to have entered into 
the mind of the public genomlly that the condition 
of those who formed the lower stratum — or rather 
strata, for in the lowest deep there was, and is, 
a lower deep— of the body politic? and social, had in 
reality any practical concern with Ihe vital intcresis 
of the community considered as a liole. Tlio better 
classes, at the time to which we allude, ceiltiinly could 
not be charged with the f<w!t that they were in any 
way their brothers’ keepers, except in tlie sense of 
keeping those down who were down in the social scale, 
or at all events being careless as to their ever rising 
up in it — if, indeed, they wei-e in anywise lcK>kcd upon 
as brothers at all, wdtose welfare concerned them. 

BoeUl and Moral Aipoeti of Sanltaiy 8oiinoo.^Zmportant 
Elemontt in iti Ooniidoration. 

It would bo very useful if we could here find space 
to enter somewhat into detail as to the rise and 


progress of that infinitely higher interest wdiich in 
time permeated through and penetrated the mass of 
the bettor classes of the community in tlie coiidit’on 
of those who in more senses than one were at t je 
bottom of tlie sockl scale. No doubt the steps of 
pi ogress of that interest which led in process of 
time to tlio remediary measures which have been the 
characteristic of the period of the last two or three 
gcnoi-ations, wen) at first taken at intervals few and 
far between ; and wore taken, iiioreoN i'v, very sIom ly. 
But if slow, progi'ess was iuqipily sure, thanks to the 
exertions of far-st'eiug and ju'udent jihilanthropists. 
Possibly the first real and pnu!tii‘!il st('p towards the 
establishment of a better order of things social was 
that tiiken by Howard, the prison philanthropist. 
Before that time very few st'omed to liave any i(it»a 
that the unhealtliy condition of the lower classes — 
the Wretched stall' of their dwellings, in wliii'h and 
amongst wliiik diseases of the most dangi'rous kind 
were iieviT absi^ni — liail soim* inllueuee on t lm healtlj 
and w'('ll- being of those elapses who lived under 
intiiiitely better circnmsianc(‘s of scxael life and eom- 
fort. But Uow'ard did much in proving Ixyoiid any 
doubt that the evil influenees eonstant ly ]>resent and 
ever pi'rpetuat.ed in and amongst the very poor con- 
fined wdtliin the prisons, and by parity of reasoning 
(‘xisting ako in aiul amongst the wretelied }a)vels and 
districts — not less prisons'— inhabit, ed by the ])ODr, 
exeited a pow(‘r whieli in turn a (Hurled those who 
lived in bous(».s anil in disti-iets which, from tlieir iu 
every way snptTior (condition and jiosition si'emed to 
he wholly exempted from ilu! causes which elsewhere 
gave rise to siujIi fonl and dangerous disi'iises. But 
what Howard did was to prove, in a way wliiik star! led 
the g<?ncral jmhiic mind, that no class, however liigh 
in social position, and liowever* well liouseil and eared 
for, conld with iinpunily allow disease aggj-avaled by 
direst poverty, and loo oftem by actual want of the 
liccessai’ics of lihf, to rev(‘l, so to say, in the houses 
and districts of tlie poor, W'hat was doru! so well l»y 
Howard was followed up by others, till at last tlie 
jmblic mind was awakened to the great tiulli that 
all classt^s of WKriely, inchuling ilu^ very l(;wesf, were 
bound together wit, li the ties of a (‘ojiimon iuleri'st-; 
and that wliat afleeted and injured any one elass, in 
some and often in great and [»airifnl nurasure injured 
all other classes. 

Practical Belatioa in a Sanitary Point of View between the 
Condition of the Poorer Diitrloti and the IVeelthier. 

And ttllljough the piildic mind is in an infinitely 
more healthy condition than at one time it was, still 
there are many wlio do not yet see that there is a 
dose connection l>etw(*en the (jondiiion of the lower 
ehissori, wliich tends to pcrjietuatc l>oth moiul and 
physical disease, and tlie like condition of the liigher 
ckssee, to one of which they themselves l^eJong, 
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CHAPTER T. 

Introdnotory. 

WoRKsnoP and factory practice, in the wide range 
of technical and industrial work carried on through- 
out the kingdom, comprises a vast variety of details 
and of facts bearing on the ojKjrations and processes, 
which are of themselves exceedingly numerous. Tlie 
space, therefore, which of necessity even compara- 
tively hri(‘f i)apers descriptive of tliem demand, is so 
great ihat it is difficult to find opportunities to place 
l)eforo our readers others hejiring upon tl»c more 
iihstruse poinis of tlie tlx'ories or of the principles 
upon wliich many of the hraiiclies of technienl work 
lire based. Nor indeed is this more purely theorotienl 
mntier deinandiMl of us: the scope and scdieine of 
our work, ms in hu'ge ni<‘asure indieah^d in the tide 
of our flournal, and still inorci fully in the opening 
paper on “Technu'al Education,” arc designed spt^cially 
to embody the facts cxnineoled with jiractiee of the 
various branches of technical and indusirial work. 
’'Ihese may he hero conveniently callinl practical illus- 
trations of the theoriiss upon whicli (he details of 
actual work ai'C' based. In the various p.apers or sub- 
jects which will make uj> tlio body of I'lil'; TK'< iiN,K'AIi 
JoiiKNATi, thos<‘ Iheorii's will l>e as a rub* only inci- 
dentally rcf(‘]'r»Ml to, In such cases attention will 
be di-nwii hut very hrit'fly to tljosc' points of practice 
which arc defect ivi* liecaiise ^oulld tlu'oiy lias been 
neglected or wilfully overhuikcd in the details. Hut 
wliile this is so, ami while wi^ sliould thus fulfil our 
obligations witliin the limits of the sclionie of our 
work, wt* are so desirous to meet the >vnnts or 
reqninuiu'nts of all clisses of readi*rs, and on which 
representations havi' (]iiite I'eceiitly been made to 
us, that we have now’ made speiaal arningements 
by whicdi spaci^ will he found to enable us to give 
a scries of papers bearing up<ai the principles of 
certain scitmees, or explaining geuoinlly tlio theories 
on w’liich certain work is based, ^^’h(‘tller w’e shall 
be able to compass bi’ief notes on tlie loading priu- 
ci}>les of several bmnehes of science ■ and those are 
not a fi‘W’ in numku’— depends chiefly on space. At 
present, how’cver, wo have arranged for two of the 
leading sciences, known under the general titles of 
^‘Mwlianies ” and “Ohemistry." Wc have decided 
ujx)n those, inasmuch as the principles which they 
involve do nc»t apply mei-ely to one s}x\uaJ bmnch, 
but to what is in reality a w’ido range of branches 
of tecluiioal work. 


Scope of the Frosint Serioi of Papon— Oonoral Modo of 
Treatmoftt. 

Should we be able to compass no more than the 
present serieB, the reader will find, as just stated, that 
its various chapters will embrace the statement of 
principles which will cover not one or two merely, but 
many branches of technical and industrial work in 
their practical details. It is scarcely necessary to say 
that neither the scope of The Tkohnioal Journal 
nor the space we have at command for this series 
admit of that full treatment of the subject which 
characterises exhaustive treatises on it. What we give 
will take tlie form generally of what may be called a 
series of notes” taking up various deportments of the 
general subject. Indeed, all the practical necessities of 
the case will, we conceive, bo fully mot by those notes. 
They will embrace the salient or leading features 
whioli have a direct and immediate bearing upon 
practical w’ork. The moi'e abstruse and intiicflte 
disipiisitions, which demand from the reader the 
exercise of intense study and the most painstaking 
care, and which in many instances require a know- 
ledge of the higher, or at least the more difficult 
bj'aiiches of mathematics, must for the present at all 
events bo passed over. Some of those, in a few in- 
si anises at least, and by some writers, arc so beclouded 
l)y wliai are largely but metaphysical speculations, 
that the imder is apt to become confused and in large 
measure bcwildonxl in atlcmpling to understand 
them, or to decide botAvoon eonflicling theories, — 
and of oouilicting theories in .general science there 
are not a fi.‘w. 

Applicability of the lawi or Piinciples of Heohanioa to a 
Wider Range of Technical Work than that popularly 
known aa Mechanical, or connected with Meohaniim. 

This fit first sight, to the uiiimtinted or to the 
youtliful reader, would seem to ho confined to an 
oxj)ositioii of the prineiplos upon wdiieh tlie prac- 
tice of luochanisin, or what is popularly known as 
machinery, w’as based. Hence the name of the 
‘‘science,” so to call it, of mechanics, is so far un- 
fortunate as leading to false conceptions of what its 
scope is, ns if it were (Jon fined solely to that cla.ss of 
work just muued, and with wdiich the title in the 
popular mind is gonorally associated. But its scoi)e 
is very much wider than this. While the mechaiiio 
who deals with machines or machinery concerns him- 
self with tliose principles of the science of mechnnicft 
which refer to niatier in “ motion the metihanic 
who is concerned with structures, as houses, bridges, 
or the like, is intoivstod in those of its principles 
^Yhieh refer spirially to matter in a state of “I’Cst,” 
or as it is otlierwise termed, ** stability,” And at 
the Siime time there are certain principles or law’s of 
iiatuj’e ti’entod of usually under the geneml title of 
mechanics which are applicable to the work of all, 
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whother they be maohiiiistSi bmlders, or indeed a 
much wider range of artificers or oonstruotors — using 
this latter term in its widest sense as embracing those 
who make up, put together, or build up the varied and 
almost endless objects with which we are surrounded. 
Nor does the application of some of the principles of 
the general science of mechanics terminate here» 
wide as that application is. They, in point of fact, 
moat closely concern other branches of technical 
work. The chemist himself has to consider them, 
and they are exemplified and made use of in a wide 
range of that work which is known as Induwtrial 
Processes. If, then, to our notes on mechanics we add 
those on chemistry, we shall be able to present to our 
readers a variety of information of a very wide range 
of practicality. For just as the principles of mechanics 
apply to tlie practice of many more workers than those 
connected with, machinery only, so will it be found 
that tliose of cheniistry enibrtuio within thoir range 
a great variety of processes which give rise to veiy 
important Imincbes of individual induslry. In con- 
cluding iliese introductory paragraphs, let tiu‘ reader 
})ear iu niiTul what wo have already stated,— that the 
‘'notes” wo propose giving will concern themselves 
chiefly with those points whicli have a more or less 
dii'cct beaiiug upon practice, and will not comprise the 
more purely tlieoretical disqtiisitions which are geiu‘!'ally 
met with in works treating fully of the s<;ioncos. 
Fui^thcr let it ho observed by the reader that our 
‘'notes” will not bo given upon any specific plan 
of arrt\ngenmnt. In special ireatisijs tho case for 
obvious reasons is diflerent : there systematic trciatmeut 
is always aimed at, although it bo not in all (?as(?s 
secured. But it is right to state tliat while our notes 
will be given under various specific heads, they will 
as a rule be given so far systc^matically that otu) 
note on the stibject of whitdi it treats will in groat 
measure so lead up to the subject of tiio iiot(5 next 
to bo given, that a fair degree of natujnl or systematic 
seqmmce will 1)0 secured. 

Some OonildeTatioxLi ai to OartainTerxni'uied'iii eonneotlon with 
Keohaaioi or tho PhUoiophy of Matorials ai distingniBhed 
from tho Fhiloiophy of Kind. 

When we take into consideration tlie groat variety 
of inachinos, especially if we have nnarli to do witli 
machinery, either in tlie way of constructing it, oi' 
employing it in one way or other of tlio many 
blanches of that industrial wor^k which pincticully con- 
stitutes the whole of tho labour, as it is the source 
of the wealth, of the nation, — when wo see around 
us in every department of life some evidence of 
what machinery dof^s for us in the -way of supplying 
our necessities, a<l(ling to our comfort or gratifying 
our tastes and liking for the beautiful and luxurious, 
— when we see even iu the liumbler walks of work, if 
not machiries, at least mechanical appliances, which 


owe their existence and utilities to the w^ork of 
machinists, or are, in themselves, moit^ or loss me- 
ohanioal, — when we read and hear talked about every- 
where and always of the wonders which machinery 
has done and is doing, and how much it has contri- 
buted to our wealth and inflttonce as a people, we are 
very apt to look upon all this lU'cumulated and whet 
is really, sc, in and by itself, maiw^ellous evidence 
of man's untiring energy and industry, os the I'esult 
wholly and altogotlier of man’s ingenuity and of the 
creative powers of his intellect. Nor is this concep- 
tion in any way iiltered or (won modiliod by w’hat we 
consider and talk about art and sciiMico ; very much 
rather is it intensified and still more settled in our 
minds as a fact or truth whudi cannot bo got rid of or 
gainwiid. For in using or thinking about iheso terms 
of art or science, we just as readily and unhesilatingly 
deline and decith^ tliat since 1-hoso n]*o the means or 
power by which all this w’onderfnl accuinnlalion of 
mechanical force 1ms hetMi cn'aled, tlnw tluansiflvos 
— tlm art or th(' stmaice ixvo the pi*odiict of man’s 
inhenad abilily, no iloubt built up, so to say, by 
the e.\pm‘it‘niM' slowly acfpiir(»d through a long series 
of centuries, but ntme the less the work, as they are 
tlie oviden(‘es, of man's intellectual power and untiring 
energy. lti‘4isoniug thus iu a circle, wo naturally 
come back to tbo same point, afid tliertdore decide 
tlmi, as all iliis mass of niachiiiery existing around, 
and mot wit li iivinywheriuind everywluai, is d(‘]»endont 
upon tho arts and sciimces for its (U'enlion and exist- 
ence, as those are siilely tbo jirndiiel of man’s ingonuily 
or mltdleeUial ahility, so also iimsi ho (he machinery 
whiidi he makes. 

Natural Laws, or, ai they are often termed, tho Powers of 
Nature — Popular Notions oonoorning them. 

Now and tlaai, lait on the wliohf M'ly rai'(»ly, 
do w(^ llnd tliat, along with tho words ‘’art-” and 
“ S‘ ienc(^,” another wurd, that, of “ nat is nssociated. 
If used in conjunct ion wiili tlu^ others, it is but. 
too often used in a totally suboi’dinato siaisi^ simply 
because in tlie pojudar mind it ocfaij»ies but. a, vory 
subordinate placo. When we talk of (he womlcrs of 
seicncc, when wo indulge in staieinenis of what the 
arts ha.v(‘ done- for us, we associale with (he (.errns .a 
wide array of facts around us on which wif groatly 
pride ourselvt^s ax the piMcliral product of the om; or 
the otlier. or of both coiuhined, as (le^y often are 
comhined, as evidfuiced in the phrase now so familiar 
to \is all Al t manufactures.” Ihit wh<?n we tjilk 
of the powei'S of natuiv, wo have but via-y vague 
and ind(‘t(Tminate notions of what those power.s arc*. 
Popularly, indetfd, it may lie .sai<l that they are l(M>ked 
upon, at the best, hut as iiowcrs of no great pnwjticjil 
value, and asscKuatcd childly with the cvcryrlay pheno- 
mena of what are called ncrtural circumstances or 
oecurrencBS, sucli »Aa rain, wiml, thunder, sunshine tind 
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clouds. And to those who have listened to a lecture 
upon science fo called, and to a bright^coloured expo- 
sition of what art is capable of and can do for us, 
it would be a matter of no great surprise to l>e toid 
that upon tlio laws of nature all science depended; to 
this tliey would give wn easy sort of general consent, 
not oaring much, at least, to dispute the statement. 
But it would be a matter to them of very great sur- 
prise indeed to bo told that all of the oomplieated, as 
well as the wide, almost endless, range of simpler, but 
in tbeir way as useful, mechanical appliances depended 
upon those very ** laws of nature’* of whudi they had 
taken but little account. 

Apparent Infinity or Endleii Number of the Lawi regulating 
and controlling Natural Phenomena. 

Wljilo otliors would, however, having foTimsl a 
more aceiinito notion of how things really are in the 
relation of nature to science or the work of in: in 
general ly-~f or in tlie truest sense of the term all 
man's work is scientific — bo disi)osod to accede to the 
truth here stated, they would, as a rule, bo apt to 
associate with tlio term or jdirase “ laws of nature ” 
— to wliich they would be willing to accodo the greatest 
power and inlluonce in all tliat concerned man’s 
natural oxisU^nce — tlie idea that these laws were so 
numerous ns to be quite bewildering, and that if a 
knowlodgt' could be obtained of them its acquirtummt 
would bo the labour of a lifetime. This conception, 
which may be said to be the popular otic, may easily 
enough be accounted for when we consuhsr the fact 
that the ])heiiomena of natun^, numerous and endless 
us they a])pear to be and in great jnoasuro are, are 
tlioniselvos taktm each individually as the exponent, so 
to say, of a separate anil distinct law. There are others 
who, having a more acciinite view of how mattera 
stand, would, however, bo ready enough to see that a 
great number of what appeared to be separate and 
distinct plionomeiia might or could yet be classified 
as derived from one law ; so that jwssibly the whole 
of what are called natural phenomena or occurrences 
miglit be ranged under general laws but a few in 
numbor. 

Th« Varied and Varying Phenomena inrrounding ue ore all 
Bttbjeot to but Two Great laws of Nature. 

But they w’ould be very much surprised to be told 
that those laws ai’O so few^ that to toll them olT on the 
lingers of the hand these hngei's would bo so far 
from being oxlmusted that only two would be taken 
up. And this is really so ; for enoh one of the indo- 
linitoly varied and varying phenomena which we adl 
** natural ” being one of the movements of what we call 

science,” all the ellccts of what we designate “art” 
come under the ellV'ct of one or other of tw'O laws 
only, anil whicli uih? therefore well and significantly 
called the two gi’eat laws of nature. What these laws 


are, and what the phenomena which they exhibit, upon 
which the work of the mechanio depends, we shall see 
as we proceed. The mere bald statement or naming 
would at present serve rather to confuse than to maJee 
clear wlmt can only be made so by a move systematic 
treatment and a greater closeness of detail. Sufiice 
it here to say, as in itself a marvellous statement of 
what controls the wonders of nature, that upon the 
laws which promote the growth of plants, create 
the breezes which blow over them, and give to the 
moistui*o which rests upon their leaves the form of 
the dewdrop, depond not merely all the other “ pheno- 
mena ” to which we give (somewhat wrongly, however, 
as we shall more fully see) the name of “ natural," but 
the “ forces " which we ciill (as wrongly again) “ motive 
powers," by whicli every macliino we use is set to and 
kept in work, and every motion by which that work 
is done, and all the distinct peculiarities and charac- 
teristics of the materials of which the parts of the 
machine are made, and of the substances on which 
tb('y operate, 

Inoaloolable Valne of the Material Work done by Kan in 
availing of and applying the Great Natural Lawi. 

Wluit has been said materially modifies the popular 
conception that all the varied work of the inachiniwt 
is the outcome of man’s own ability to design and to 
construct, as if each were by itself a distinct and 
separate result of his intellectual power, having its 
own laws and its own characteristics as quite apart 
fi-om some general law regulating other departments 
of his W'ork. Or this otlier conception, that while the 
laws of nature have had some share in the work, by 
far the larger proportion of it is due to man, and tho 
power of his mind and tlio energy of his inherent 
natural powers. But while what we have said docs 
thus materially modify popular conceptions, it does not 
lesson, but rather per contra enhances the value of, 
as it certainly, rightly regarded, greatly increases tho 
wonder at, what man has by the value of this mecha- 
nical work done for humanity at large, and — taking 
iL more limited and prevalent, if it be a more selfish 
view — for our own people, And of this w’ork it would 
be almost impossible to employ laudatory terms so 
high that tliey w'ould bo (?allod exaggerated. For, in 
truth, it is inqiossible to overestimate the value of 
what man has done in mechni\ical work ; and so far 
from detracting fi^oin all we have said, it enormously 
enhances the value of it when we consider that it is 
all based upon two laws, numerous iliough the phe- 
nomena be which come out of or arise from or depend 
upon them. For if we remember the broad fact, 
which will bo a little more particularised presently, 
that man has had everything to find out in connection 
witli the doing of what is called w^ork upon which his 
very existence depends, and this from w^hat existed 
around him, nothing of which, so to say, told its own 
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tale on the face of it, we may foim some faint conception 
of what his work has been. Wo say faint conception, 
for it is only by endeavouring to trace out from the 
earliest times what man miLst have had to do In^fore 
he could make even the smallest approach to the 
present condition of things, that we can arrive at a 
fair idea of the value of the work he has succeeded 
in doing, 

General Oharaeter of the Work done byHan.— Iti Primary 
Blement. 

And all this which man has done for himself, 
reduced to its simplest, to its primary or essential 
elements, may be, as indeed it is most accurately, 
defined as “ work to be done.” And this by availing 
himself of the laws of nature, through certain adiipia^ 
tions of material substances, to which certain forms 
have been given. What this adaptation demanded 
from man is, may in some * measure be understood 
from what we have said — that he had tvtryMng to 
learn concerning what he was surrounded by. In 
the minds of many, oven of some of those who are 
really skilful mechanics, so fur at least as constnu^tion 
is concerned, the adaptation of tlie laws of nature to 
the work of the machinist is only associatod witli the 
combinations of parts of the machines, with what 
are called their “movements,” an<l with the force 
or forces by which the motion of those parts is first 
created or brought into existence, and then main- 
tained or supported so long as desired. It is by 
many forgotten and overlooked, and by not a few 
unknown, that the charncteristics or [jcculiariticjs of 
what are called materials — the parts, in fact, wliich 
distinguish one object from another, wliich toll innn 
that one material is different from anotlier — dopoiul 
equally upon the laws of nature which control and 
regulate forces and motions. So that of the veiy 
materials by which the simplest meclianical hedp 
he made was formed, he would at first he wholly 
ignorant. So also of the substances with wliich 
he had to deal, and the “elements,” as tliey were* 
and still are called, by which lie was surrounded. 
So accustomed are we to deal with all those in such 
an infinite variety of ways, so completely do wo make 
them subservient to our various wants and wislies, that 
it is difficult for the popular mind to understand how 
thei-e could be any difficulty in knowing all aliout 
them, and how it actually took long ages of patient 
observation and of painful experience before man go 
a really practically available knowledge of tliem. And 
to some it will be a matter of great surprise to be 
told tliat of some of them wo even yet, after all w'e 
have done, know but a little, and of otlicrs that all 
we do know of whai they really are is that we know 
nothing, and, so far as present appearances go, the 
likelihood, the almost certainty is, that we shall never 
know. 


1J3 

A Knowledge of the Lawi of Katnre, and the CapahUity to apply 
them to his Praotioal Work, acquired by Man only after 
Centurlei of Patient Obiervation and Enperimeuting. 

To put it paradoxically, we say, all that we do 
know is, that we know nothing. But this must not 
bo misunderstood, Although wo do not know what 
ceiiain tilings are, we know wliat phenomena they 
exhibit, and, what is of infinitely greater importance 
to mankind, wo know what they cJin do for us. But 
to get to the knowledge of all this is just what hap 
constituted the work of man in making the laws of 
nature subseiviont to his purpost»s when ap]diod in 
certain ways, and adapted, so to sptuik, to certain 
circumstances, Thus, we talk about tliat to which we 
giv'o the name of Ugld ; but tlu^ ablest and the most 
acute of oiir wjicntitic men, if asked to say or explain 
Mohat it is, is obliged to confess that all ho knows 
about it is, that lie knows nothing absol n I t‘ly : there is 
more than one theory on the subji‘ct ; but as to whieh 
18 the right one, all that can be said is, that niiudi can 
be said on both sides. But if aski‘tl, on the other 
hand, if ho knows of its plionomena, or of the laws 
which regulate thow*, lie can ]K>int with pardoiiahlo 
pride, as evidence of how miicli i»e does know of them, 
to wliat by their aid man has done with the telescope 
in revealing tl»o wonders of the infinite space of the 
heavens ; the microscope in nnHjaling the no l(‘ss 
marvellous wonders of the carlli ; to the liglithoust', 
and to the marvels of jdiotography, and many otlicr 
branches of maiTs work. 'I’lie same with electihaty ; 
wo can but stand liumbly aside, and wlu^n asked if 
we know what it is, confess that W'O knr>w nothing. 
But we can, ns in the case of liglit, point with satis- 
faction to what our knowhidge of its i)lienom(ma. and 
of the laws on which they are (kpendent has enahhtd 
us to do in tlie marvels (*f the eliHjtric tek^graph and 
the telephone ; and it is (lifiicult to say w-liat it will 
yet do for man as a motive power. All this is no less 
true of hmt j and the woi k man can do with it is 
even more marvellous, as it is infinitely more diver- 
sified in its applications, tluin what he has done 
with the agencies of light and of (‘Icctricity. How 
all-pervading this agemy or law of lieat is, and Iiow 
of it it may bo Siiid that it is the measure alike 
of manV life and of all the w'ork he docs, nr) matter 
how diversified it may bc^, and how that lie<it, life, 
and work may in some scnscj be said to Iki synonymous 
or conveilible iei-ms, w-e shall see more clearly as we 
pnweed to ex[)laiii the two great causes on wliich all 
natural i>henomena <lcpcnd. 

But this arrival at knowledge of nntui'ul i»heno- 
inena, and of the law's which regulate them, was 
gained only after centuries of jiatient obsf.*rvation and 
Htill more patient working and ex|Kjrinicnting. So 
much accustomed are we to see around us evidences 
multiplied a hundredfold of the w'ork done by the 
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application of these laws, that we rarely give a 
thought to the fact that it took centuriea in t})e 
histoiy of man before he had accumulated a sufficient 
knowledge of the phenomena, and devised a variety 
of contrivances by which tlieso laws were deduced, 
and their working illustrated. 

Every mecshanic, for example, knows what is done 
by taking advantage of the principle of atmospheric 
pressure — the very name of which, as even the mc»st 
youthful student knows, indicates that it — the atmo- 
sphere or air — must be a substtince or a body (to 
use a term which demands, and will hereafter I'ec'cive 
from us, a fuller explanation, as it is air which plays 
an important part in all scientific disquisitions) which 
is able to exercise a power or exert an inll nonce of a 
physical or material kind. Yet the young htudent 
may be Burpnsed to leaiTi that for ngos men lived 
in ignorance of tliis great t rntli or fact — so long a 
period, indce<l, of his liistoiy, that it is but little more 
than two hundred years ago since an Italian tlis- 
covered the law wliicli rcgulaUsd atniowjd»oric pressure^ 
and opernffd tlio way to that pr/ictical application (»f it 
of wlii(d» wo have an almost ondlt'ss senes of excmjdi- 
fications in our machines, instruments, and tnoclia- 
nical contvivnium 

The Work of the Fraotiool Kan dopendent upon the lawi of 
Katnre ; long preoeded in Early Tlmei the Knowledge of 
the Theoriit ai to thoae Lawi Fraotioal Exemplifloatiotti. 

And this very circiimsUvnco now noted is a curious 
exemplification of a truth winch so many overlook, 
and to which many have m‘Ver given a thought— 
nivintdy, that os a rule the conliivancos of man 
actually put to do certain work, and wlnVh were in 
fact dependent upon certain natural laws, have pnv 
ceded the labours of tlio man of st'iciujc, by wluuu tlie 
laws have been, so to say, scit‘nfilieally discovered and 
enunciated upon which thow^ plienomcna depended, and 
in virtue of which those contrivances were sucee <sful for 
the object had in view. Thus, for example, although 
man for ages knew nothing of the law i*egulating 
the phenomena of the atmosj)liero, he liad got so 
far acquainted with its peculiaiities that, where 
])romptod by his lUH'cssities, he had worked out the 
contrivance known as a “ pumj),” by which he eould 
lift wafer fo a height fixmi a low level, In the working 
of this most useful contrivance, men knew tluit as the 
plunger was lifted or raised tho water followed it closcdy, 
leaving no space hetwoen. Why it did so they lind no 
concept ion ; but ns man is impelled by sometlnng within 
liim ever to be seeking for ** reasons wliy'’ (if the reader 
will but think it out, one of tlu^ wisest dispensi\tions 
of an ever-wiso CrcM\f(>r for the advancement of manV 
civilization), he gave this as the reason for this action of 
the pump- namely, that ^‘Naturt'abhoiTed a vacuum,” 


that is, a space containing ** nothing,” — which would 
have boon the case had the plunger continued to rise 
in the barrel or tube of the pump without the water 
following it. When men — and the characteristic is 
as powerfully existent now as then — ^get hold of a 
reason which apparently satisfies the conditions, they 
readily enough accept it, and keep to it till some- 
thing turns up in the range of practice, compelling 
them either to modify it, or to abandon it and fin<l 
some otlier as its substitute. And as supposition is 
always resorted to when men in reality do not know 
what is the truth of tbo lOn-tter, they can but con- 
jecture only \ and, conjecture being easy, we find 
enough of it has always been in existence, and no leas 
exists now than in tho darker ages of man’s history. 
We can, therefore, in this matter of the invention of 
the pump, (sasily enough conceive, from the very 
nature of the circunistiincos in which man in the 
early stages of liis civilization was placed, tho diffi- 
culti(‘s ho had to deal witli in the employment of 
materials, his luck of tools to fashion and form them, 
that pumps would only bo used for ** short lifts,” lo 
uso a teclinicnl cxpirssion now commonly in use to 
doiiolo llie vtu’tical lieight water is raised from a low 
to a high level. To nuiko a long ban'el, wo may 
be certain, was for ages beyond tlie possibilities of 
mechanical work ; and it was only when the range of 
this had increased tliat the reason for tho action of 
a pump, which bcifore satisfied men, had to bo modi- 
fied. For it was about two hundred years ago that a 
pump lai'ger tJ»an usual w^as fitted up; but it was 
found that by no metliod of working it could Uie 
water be lifted, or “drawn up,” to uso a common 
expression, beyond a given height— tbirty-four feet. 
A now reason liad then to be given for this new 
condition of things in the working of a pump, and it 
was a more modification of the old one — “that Nature 
abhori'ed a vacuum, but onlfj beyond heights or lifts of 
tliirty-four feet.” This tlie youthful student will see 
was only putting forward the dilliculty to some other 
point, and what that was, and wlicn and how it would 
be rwuOuHi, no one seenic<l t o know or care. This mode 
of dealing with tho dilliculty— acted upon not seldom, 
wo may also say, even in these the days which wo so 
proudly call “advanced”— did not satisfy the “men of 
light and h'ading,” of uliom fortunately more than 
one lived in the early times we write of, It did not 
siUisfy one thinking mind, who by patient “thinking 
the matter out,” and by as carefully conducted ex- 
periments, discovered the law of atmospheric pressui-e, 
which at once set aaide all conjectures and so-ealled 
reasons, and established a branch of science — tndy so 
named — which has been of such wonderful benefit to 
mankind. 
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16. BAltinflr and Gearing m Tranimltteri of Power. 

Those -who have had opportunities to seo mncliincs 
at work in whicli toothed-wliool gearing is wholly 
employed for the transmission of povser or the 
oomnmnioation of motion, are aware that their 
working is always aroompaiiied with a gi’eator or less 
amount of noise and j/irriiig, and that tliis, even whore 
the best of work is met with, is always more or less 
pen‘optihlo. In the ease of belling and rope driving 
gear tlio most noticoahlo feature to tlio inexp(*ri(‘nco(l 
is tlie quietness witli wlii(‘h the lielt or ropi< travels 
oven when travelling at great \ i'locities. And even 
to those of this class it is at llie first olwinus that 
toothed-whoel gearing, in ouler to work with the 
inaximiiiii of good mechani(;al oltect, will require to 
be designed and constructed with a liiglua- d(‘gree of 
meolianioal care and knowledge ; in other words, that 
it will he a more complicated uork to apply it to the 
driving of machinery than to ap))ly laits and ropes 
to effkrt the same purp(tse, whicih oven to tlm tyro 
in moc^hanicH convey at once to liis mind the i<lea of 
simplicity alike in principle and its modes of practiiiul 
application. Nor loss easy will it Ixj for him to decide 
that ioothed-wlieel gearing is not applicable to the 
diiving of nmchincH at the very groat velfxatie.s wliicli 
he secs to be the characteristic feature of so wid(? a, 
variety of modern machines, 

17. PBOullar Featnrei of Belting at % Tranimitter of Power. 

In the technical language of pracrtical meciianic.s 
the toothed wlieel or the pulley whicli gives the 
motion is called the “driver,” that which receives 
it the “driven.” Wherever in machines of any kind 
there is to be a pi'ecise propoi-tion between tlio 
speed or surface vehx^ity of tho “driver” and tlio 
“ driven maintained — that is, w’here the driven 
must turn or rovoh^e so many tinu?s, either greater 
or fewer than the driver, but always in the winie 
proportion — then tho tootliod-wheel gearing must 
be employed. In the case of licit and rojie gearing 
tliis precise, definite, or exa(‘t proportion ciannot 
be secured, not merely becauise it is not practicable 
to oonstmet the pulleys ^ritli the ahsolntoly perfect 
relative proportions reipiired, but bwiauso from 
the very nature of the way in which the motion of 


one is imparted to the otlior through the modiuin <»f 
tho belt, which is due to the frictional adhesion of 
its surface and that of the pulley, a certain amount of 
“slip” takes plm'O, which may he small in amount 
nml unciTtaiu in action. .But in tlu^great majority of 
instances the sliglit or oomiairativoly slight variations 
in tho relative velocities of tlie driving and driven 
jMirts are of no pnictiod moincnl, so that hell and rope 
gearing is applicable; hence the intinitely greater 
number of cases in which tlu'se systems are employed, as 
«!ompared with the more eompIiiJated system and the 
loss smooth and easy working of toot ht‘d- wheel gearing. 

18. Relation of the Belt to the Driving Fullej.- Coming off of 
the Bolt in Working. —Pointi connected with it. 

Taking into (consideration the fact tlwit tho driving 
belt is Hat on its surface, it might Ix^ siipiiosiul that it 
would “ run ” host upon :i pulley the surface of whictli 
was also flai — that is, in whi(‘Ii tlio face w'as a straight 
lino at any point across llu^ surface of its piu'iplK^ry or 
ring. Tho young lueibanic will of course umlersliuiil 
that a “ pulhy ” in driving g(‘ar (xmsisis of a I'ing, or 
wliut is know’ll popularly as a lioop or rim of greater 
or less hroadtli, and wliiib isronnec^ted w'itli its eeiitro 
or “boss,” through whicli the sluift passers, and to 
whi(di it is securtsl liy arms -also popularly known as 
Spokes— and in the (‘aseof small -dia in (‘ten, m 1 pnlleyswith 
a lliiii plate or (list?, known U'chiiiiJiilly as the “ weh,” 
the whole being cast in one picxxi. The surface or fiuic 
of the rim o)‘ hoop is of (jourso at right angles to whai 
may he called t he sidiM of the ])ulley. We laive said 
that at iirst sight it would ap]iear that if this surface 
were a p(U’f(.‘ci ly stmight line across it, the belt would 
run best, socbig that its siii’faco is also straight — the 
two flat surfaces being tluui in (’ontaet at all |K)jnts, 
being paralloJ. And as I la* ellieituicy of belt driving 
gear depends not only ui>on tlie .speed wit-h W'hi<!Ji the 
pulley revolves, hut upon the adhesion ht^tween tlio 
surface of its rim or hoop and tbe Ix'lt passed round 
it, it would appear that tiiis ailliesion, or “grip” as 
meclianies term it, will he iKjttcT at tained wlien tliero 
is a puj’allelism between the tw'o surfa<M<s— that of the 
licit and tho rim — tliaii w’licn the l»elt touches or runs 
upon part only of tlicj l im-- so imi<h of the grip duo to 
tliew'hole surfatfcjs Iieingtlius in tlu^ lal Du* cast; oliviously 
lost. But those who hav(^ had much to do with lielt 
driving gear know tlie ti’ouhle whicli of Urn arises from 
the belt coming off the pulh'y. This coming off from 
is a ditferont thing from the slipping of the holt on 
the pulley, which slipjiirig will he noticed jircjser.tly. 
K'qw— and tin's it w-ill be perceived, is (pi ite opjiosed to 
the above consideration, which may be Mtid to the 
tliooreticMil condition of a pulley Mirtaeti an*) that of the 
belt — in practice it is found tliat this coming off of the 
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belt during tbe running is prevented by having the rim 
of the pulley made convex— iliat is, with a rise or 
swell in the centre of its breadth. The convexity is 
of course precisely in the centre of the breadth of the 
rim of pulley, and gradually and uniformly on both 
sides curves down to the sides or edges. In other 
words, taking a cross or transvoi'se section of the rim 
or periphery of the pulley, it forms part of a circle on 
the outside surface. The pulley rim or hoop may thus 
be considered as a double cone, the highest parf of the 
cones — right and left — meeting in the centre. In a 
pulley thus formed, it is found that a driving bolt has 
a tendency always to run on and creep up, so to say, to 
the highest part of the convex rim— that is, towards 
its centre, and therefore to keep on, not to slip from 
off the pulley. No end of theories liave l)€en ofl'ered 
to account for this tendency, but tlie practical man is 
(juite content to know that it exists as a fact, and it 
is with facts, not with theories about them, that he 
is also gcneriilly satisfied. J5ut it is always best to 
know the reason why of things; and theory, beyond 
any doubt, has often led to tlio disc^ovory and estal)- 
lishment of pmcticsal facts or circumstances. The 
exact imson why a driving bolt has always a tendoney 
to run on the liighost iH)int of tl»o pulley rim cannot 
be stated, simply because it is not known ; but the 
following, of all the oxidanations given or th(K)rics 
formed, is perhaps tlio best. As we have siiid, the 
convex surface may be considoi-od os a double cone — 
a right and a left cone — ilie outer edge of each cone 
oori’osponding in position to the outer edge of the 
driving belt-, Now, that edge of the belt which is 
towards the larger end of the cone ” (that is, we may 
remark, towanls tlie centre of tlio rim where the two 
largo ends of the conos meet) ** is nioi*© rapidly 
dniwii tluin the other edge” (tliat is, lias its velocity 
onwards greater), and “ in consoijuence of this, the 
advancing jiart of the bolt is thrown (or drawn) in 
the direction of the larger part of the cone (that is, 
towards the centre of the rim) ; -which obliquity of 
advance towards tho cone must lead tlie belt on to 
its higher part.” But this convexity given to the 
pulley rim has, in addition to its groat use in keeping 
tho bolt on tho pulley during its driving, another 
advantage which it is right to notice. 

10, Grip of tho Belt upon the Pulley.*— Ite Relation to the 
Convexity of the Rim or Hoop, 

We have said that the w’ny in wliich the power 
is communicated from one pulley to another — that 
is, fi-om one machine to anoUier, or from tho main 
ilriving power or motor to any given point — is due to 
the ** grip ” which the belt takes of the pulley, or, 
conversely, the pulley of the belt. But this very 
grip, which constitutes tlie value of the belt driving 
system, is in itself a soui'ce of safety in using the 
power as well as in giving the (>ower itself. For 


should anything occur in the working of the moohineiy 
driven by tho belt or belts which throws such an 
additional strain upon the parts that damage might 
follow if the stwiin by the continued driving were 
kept up — tho strain being so great, it overpowers, so 
to say, the ** grip ” or frictional adhesion between 
the belt and the pulley. And the result is that 
while the pulley continues to revolve or “run,” it 
simply revolves within the belt, and does not grip it 
—the adhesion not being able to overeome the stmin 
upon the belt. This, of course, happens at both 
pulleys — the driven and the driving — so that the 
driven pulley no longer has any grip upon the belt, 
and thus tlie machine ceases to work well. The break- 
down is thus prevented which otherwise might have 
taken ])lace had the power been kept up while the 
extra strain on the machine existed. Now here comes 
in the other peculiarity of the convex surface of tho 
pulley rim ; for it is found that when the 1‘esifltatico 
to the working of a machine increases to a dangerous 
I.>oint, the tendency of the swell or conveidty is no 
longer to keep the belt on, as we have seen that it is 
under normal or safe conditions of working, but on 
tho contj-ary to tlirow it off. So that in belt driving 
we have thus two safety sources in cases where extm 
resistance is increased— that is, beyond the safe work- 
ing point of the machinery, and where the pulley 
moves round without dragging tho belt, or where, to 
use the U^clmicul phrase, the “belt slip-s.” While 
giving purposely a convexity to the outer surface of 
tho rims of pulleys for the purpose wo liave named, 
the young mechanic should be careful to give only 
the minimum or requisite degree. For it should 
be remembered that all deviation from the perfectly 
flat or straight-lined rim surface brings about a losi 
of power, the theoretical form of tho jiulley being a 
cylinder in which the diameter is equal at all points. 
It is the object, therefore, to know what percentage 
the “ rise ” or convexity of the rim should bear to 
its breadth or distance from edge to edge. Several 
authorities are found who have recortled theii* views 
on this point $ and it need not be a matter of surprise 
to learn that there is some diversity between the 
proportions they recommend. This, however, is not 
so great as exists in other mechanical points. Thus 
the proportion of rise or convexity varies with those 
authol’itios from one-eighth to one-tenth of the 
breadth of face of rim. A rise of one-twelfth may 
l>e taken ns a safe proportion. This will give a rise 
of two-eighths or a quarter of an inch for every six 
inches of breadth, or, using tho ordinary standard 
of a foot, half an inch to the foot. Some authorities 
give, however, much less than this — so much less 
that they only allow one-fourth of it, or an eighth of 
on inch to the foot. This we l>elieve to be far below 
the safe proportion, and would recommend the half-incl 
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to the foot as being the best ; it is at least based on 
an investigation of a great number of successfully 
driven or diiving pulleys. In our next Note we sluill 
go into other points connected with the pulley. 

20. Orniunent in Belatlon to Pertlonlar Applieationi^ 
Fitneii, AppropriatenOBi. 

In thinking over the application of ornament to the 
** beautifying of objects manufactiii*od or made or 
constructed^ the art student should carefully consider 
what is the work he is proposing to do, It is essen- 
tially necessary to remember this; that any particular 
class or style of ornamentation, or any one design, 
may be in itself beautiful,— that considered simply 
as a design it may be, so to say, very atti*active and 
lovely, — and yet that it may, when applied to any 
one particular purpose, bo so ill adapted to it, that 
the incongruity between the ornament and tho object 
ornamented will be so startling find oflensive, tlnit 
all sense of the beautiful wlii(di tho onuunont m 
or by itself is cfibrnluted to create, will be lost, or 
largely so. In such a case it is at once seen that 
there is a lack of “fitness”— in other words, that 
tlic design is not “appropriate ” to the obj(*(^t, or tho 
converse, the result in either case lu'ing ])ractically tlu* 
same — an incongruous object. No doubt, a certain 
degree of educated taste, or amount of art knowledge 
and experience in art decoration, is reciuinal to enable 
one at once and witli accuracy to decide that a 
given design or piece of ornament is unfitted for a 
cortfiin object, even in eases w’lierc tho incongruity 
will not be observable to a loss carefully trained eye. 
Still it is but too true that ihe instances are very 
numerous indeed in which tho incongniity between 
tho object considered in relation to its uses, and the 
ornament by which it is decorated or beautified — so 
called — is so groat and so marked or pronounced that 
it strikes oven those who are ignorant of any of tho 
points of art education. They are clearly conscIouH 
iliat the object is not beautified, although they 
may not be able to point out tlie reasons why it 
is not decorated in the true or art scjnso of tho 
term. It may be accci)ted as a rule having few 
exceptions, if indeed it has one exception, that tliere 
is, for any particular object which is to bo beautified 
or decorated by ornajiiont, one particular style or class 
of ornament which is fitted for or appropriate to tho 
object — this and no other — so that it w'ould be un- 
fitted for or inappropriate to any other object or use. 
The art student will perceive, on considetation, that 
this truth or axiom lies at the root of all art “design,” 
for it obviously implies that thought, without winch 
there can be no design in the tnm sense of the term, 
must be given to each particular case. For as each 
varies in its peculiarities — one class of constructed or 
manufactured work being quite different in its cha- 
racteristics from another — each will demand, on the 


principle we have set forth, its own design which shall 
be fitted to or appropriate for it, since it is the 
exorcise of skill, or rather of art ability, possessed by 
tho designer whii^h decides whether his design is 
perfect or otherwise. This thinking out of tho design, 
when carefully and honestly pursued, is tbo only way 
to avoid tho glaring mistakes wdiich are but too fre- 
quently made in applying ornament to inanufa(?l.urod 
or constructed objects. There are certain rules or 
loading prineiplcs wdiieh apply to this inherently 
valuable principhs in design, litnoss or appropriateiioss 
or cougriiity in relation to various iniumractured or 
eonstrncled objects. Tluw may be siiiil (,o <%)vit the 
whole subject of art design, and to them will bo devoted 
future occasional notes in this section or division. 

21. EniUage, 

We preface tho practical notes wo purpose fi’om 
time to time giving on this subjenst, which is one 
engrossing the attention of tho farming public, by 
tho following brief statonumt of the gc'imral featm*t's 
of tho sysioin. — The principle involved is tho jdacing 
of green ctit food, as grass and other 8ue(‘nl(Mit fai’iii 
produce, in a mass, so that t la^ e\((>riia1 air is o.\(^bi<I(sl 
from penetrating to and passing through the ja-oduee, 
and falling rain or snow from reaching it from above, 
and drainage water from tlio sides jind bottom, ^j’he 
first of these points includes the <'U)so packing of tho 
material, and the phieing of it in a water t ight and 
I’oof-covered receptuele. Tliis jii'imriple is familiarly 
illustrated in the doim^stie tin box or jar with close- 
fitting cover, in which tea or cofleo or otlnu* substance 
of which it is desired to preserve tho {ti'onia is stored 
to l«;ej) it dry; more closely in the c^iwjof tlio doim^stic 
jam or preserve pot, and still more actMiralely in the 
case of the German mode of preserving cahheges 
known as saner kraut. Hut tho carrying out of tho 
principle on the largo scale in the farm is a matter of 
considerable difficulty, and involves the eoiisidenitiori 
of sevoml consLruelivo details, aljout which there is 
coiisidtTablo diversity of opinion. This is not to be 
wondered at when wo take into account the* varying 
circumstances under which those wlio have adnjiled 
this Kysteiii of preserving green cut food have Imd 
to adapt tlioir constructive applianeoB; and how the 
experi(‘nce of one farmer in a certain locality imiy 
have ufForded fimts diflering so much from those 
obtained by another farmer in a diHercnt locality tliat 
tho results of the two would stumi to lead to inclusions 
altogether antagonistic, liut this contrariety is only 
lipparont, merely aflecting sundry deUils, an<l in no 
way touching the inherent priiuaple of the system. 

In taking up its prac^tical iletails, the first point 
to be considered is tho way to prepare the receptacle 
for conbiining tho cut food, and which we have seem 
must practictilly l*o air-tight and water-tight, but, of 
oourijo, not ab.iolutely so. The simplest form of con- 
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taining reoeptaolo i« obviously a pit dug in the soil — 
thift being the first form in which ilio silo w<is made, and 
which may be looked upon as the primary or elementai'y 
one. But while the easiest mode and the cheapest, it 
is obviously very incomplete, Tlio bottom and tho 
interior surfaces would, according to the nature of tho 
soil, make tho portions of cut food pressed up against 
th<»m more or loss dirty and unfitted for feeding cattle 
with ; although on this point it may bo said, as over- 
c(, lining this ohj(!ction to a largo extent, that cattle 
and horstis when out at j^asture do and must tnko up 
with tho gi’ass considerable portions of soil or (Mirth. 
Some farmers, lielieving that tho soil passing into tlie 
stomaeli in this natural way is good for tho animals, 
()bjot!t to washing turnips, for example, pr<iferring to 
give iljom to the stock just as they coriui from tho fi<*ld 
or the pit, witli siu^h soil as may naturally adh<‘re to tlui 
roots. We nnino tJiis as showing toohnioal student 
that points in practic^o sJjould be looked nt in diflerent 
ways, and that it is dangerous to bo dogmatic. But 
if a i)i’oserving ])it, dug in tho simjile way we liavo 
dcs(!rihed, Ihj not objotdiouable on account of the point 
we have now sbited, it is obvious tliat it will be so 
on account of its not fulfilling the iMujuireinent of 
being water-tight; for the sides or inner surfaces 
will act in groat measui^e as draining surftvces, loading 
the wut-er present in the soil for some considerable 
distance round ilie excavation to its interior. Tlie 
])it under ordiiiaiy circumstances would, in point of 
fact, act very mucli as “ trial pit s " in drainage works ; 
and would ultimately lu'eome lillod with tho wafer 
penoirating through tho soil of its sides, or welling 
up through thal of its bottom. No doubt it would 
1)0 found in practice iJiat tliis untoward result would 
bo relative and conditional, dependent upon the 
nature of tho soil in wliich tlio excavation is made 
or pit dug. Jn a loose, friable, or light soil, tho mere 
surface water or rain falling in tlio immodiate neigh- 
bourhood of tho pit would pass downwards and drain 
ra})idly into its interior, to say nothing of such winter 
as might not be arrostod by tho ovdinaiy tube or tilo 
dminnge (soo *^Tho Land X)rainer") of the field in 
which the silo pit is dtig. But in heavy, close and 
retentive clays the drainage into tho interior or the 
percolation of tho water through the sides of the pit 
would he much less in an 0(]Uii] s})nee of time as 
compared with the pit in the light and porous soils. 
Yet the pit, even in such close retentive clays, would 
still be far fi’om meeting the requirements of a 
good silo, for if the reader will turn to the paper 
entitled Tho Luid Dininer " ho will find that water 
will find its w-ay through oven the densest of clays, 
and that even where the excavation, as a drain 
cutting, is very deep, 

To meet, then, the requirements as slindowed forth 
in our statement of the piinciples of the silo, it is 


obvious that its sides and bottom must be, at least 
in largo measure, water-tight ; so that drainage water 
shall not be permitted to puss into the interior. 
There is a wide variety of ways in which this can be 
done. The most simple of all is to line the bottom 
and sides with boarding or planks ; in the placing of 
which some thought is neoessaiy. If laid edge to 
edge, the joints at the junction of contiguous planks 
will bo pretty open, even if the edges bo dresseci with 
the machine or planed by hand. And if, to got a more 
water-tight joint than this, the boards are made to 
ovtTlap at one edge, care must bo taken to phice tho 
boards voiiiwdly iit the sides. If they he laid hori- 
zontally, the young technical reader will porcoivo that 
as the gi'cen cut food is pressed down into the pit — 
and, as w^e sliall see, great pressure is demanded — the 
overlaps at tho edges of the boards will form a very 
unov'on surfaco for tho giccn cut food to slide down 
over. And if, ns the very woi-st w^ayin wliich to place 
tho lining boaiuls at the sides of tho pit, this ** over- 
lap ” is made w’ith the ui)per edge of the lowest lioard 
cov(Ting tlie lower edge of the board immediately 
ahove, a series of projecting slielves, so to ciill them, 
will 1)0 formed, each of which will be an opposing 
surface to tlic easy pressure of the green out food 
as it is pressed down into the silos. We name those 
])oinis, as wo for obvious reasons wish to get the 
young technical student to think for himself about 
points wliicli allecL tho doing of work of all kinds, aa 
well as to become ac(pminted with the details of any 
special subject, It is to be remembered that our work 
1ms for its aim not merely to bo descripfive, but to be 
educational — not simply to show the details of some 
sptH'ial work, but to explain the principles wliich aflect 
all work generally. In our next Note w’e shall Luke up 
some of the remaining points of the ensilage system, 
22. Kon-poiionoui White Pigments. 

White load still remains, as w^is referred to in 
a pi-oceding Note (13), notwithstanding all that has 
boon Bilid of its poisonous properties, the most useful 
of pigment paints, and tho most extensively used. 
Several substitutes of a non-poisonous nature have 
been tried, with more or less success in certain 
cases. For most purposes, however, wliito lead has; 
not yet been equalled ; all its substitutes possess less 
** body ” or solidity and brilliance of colour. 

Another disadvantage possessed by white load con- 
sidered as a piint is its pro}>erty of blackening on 
coming in (contact with sulphuretted hydrogen, as 
contained in coal gas and other sources, such aa 
sewage. In the case of fine artists’ colours this 
is a very serious disadvantage, and in most oases 
it precludes its use altogether in artists’ colours. 
Both these disadvantages are alisent in the w^hite 
pigments which to a certain extent replace white 
lead, and which are moreover cheaper than the latter 
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—namely, Bulphate of baryta, and zinc wliite or oxido 
of zinc. Both of these pigments are, however, much 
inferior to white lead in covering power or body, 
whilst they are no better os regards whiteness* Of 
these two latter pigments zinc white is more valuable 
as a paint than barytti, and is more oxtonsivcly used 
than the latter. White lead, che*ip though it is, is 
liable to be adulterated with sulphate of barjia, 
and its value thei’eby decreased ; this may readily be 
detected by treating a small portion of the sample 
with strong nitric acid : pure white lead dissolves 
completely to a colourless solution, that mixed with 
baryta wliite leaves a white residue of the latter 
pigment, 

23. To oaleolate the Oo&tenti of Oliterns or of Iron Tanki, 

Quite recently this happened in one of our largest 
and bost-conductod oslabllslimenis, canying on one 
of the most important departments of textile 
industiy. One of the siaff of uiipor olHcials, a man 
of eminently scioniine fiilainmonts, was going round 
the works witli a spei'ial ol)j(‘ct in view. ITis aitiai- 
tion was atti'aetcjd to tliret' im^n, two of wliom were 
sturdily emptying a large iron tank or cistei'ii (‘(Ui- 
taining wator, ono of the thrC'O checking ort* cjudi 
lime the vessel for baling out was tilled, Struck 
with the business-like wi\y in wdiieh so common and 
what soeiiH'd purposoless an (n>er!ition as this was 
carried on, tli© oliicial waited tins ft^w minutes ne(?cs- 
sary to complete the emptying of the tank, ilo then 
inquired of the third man, who happened t<» be a 
foreman or overlookcn* of a certain class of work, 
what the object of the process was. As if surpnsed 
at so unnecessary a question being put, ho answcfred, 
**Why, to know how many galhms the tank hold," 
looking very much as if ho would laivo liked— had 
he dared — t^o have added, “ Now then, stoopid 1 " 
“Do you know the size of the lank?" “Oli yes,” 
replied the foreman, and fortdiwith ratt]<‘d off the 
dimensions. Taking out his memorandum-book, the 
oiEciai scribbled a few figures, tore off part of the 
loaf, and handing it to the foreman said, “That gives 
the number of gallons the tank can liold. Ts the 
number the siune f\A you have made it out?” Allow- 
ing for some difference in the lilling of the (.‘mptying 
vessel and for “slops," the results w-ert) practically 
the same. The overlooker was somewliat surjuised 
at the result, but seemed a little fishamed wdion asked 
if he was not acquainted with such -like rules or 
methods for ascertaining facts useful to }»iiii in his 
daily w’ork much more quickly and iiide<jd lujcurately 
than by the^ use of rule-of-thumb methods. Now, 
although we are far from wiying that such i« the 
general technic»il eduailional condition of many 
foremen or workmen in superior positions, tlicre is 
no doubt that there are not a few throughout the 
kingdom who trust only to such roundabout methods 


of doing work ; while ihei'O is still less doubt that 
this is the technical educational wuidition of a great 
nuiubor of ordinary or journeyman workers. Wo 
purposely cite the case as hero given, hut w’O eould 
parallel it witli cases tlrawn from many branclu's of 
technical and industrial work — as, for example, those. 
A decorative artist, who thorouglily know the seieii* 
tilic points ()f his wt»rk, made an old groy-h(*adod 
painter stare when lie told him that he would find 
the result of a certain mixture of colours to be such 
as he — the old painter — asstu-ted roundly could not 
possibly be. “As il‘ I, who havi^ been jiainting and 
working with paints for the last sixty years, weren't 
likely to know !” But for all that he did not. No 
more tban a practical workman - a foreman, moreover 
— in ono of our largest dyiaiig and pnnting estah- 
lishimaits, who also had grown gny in tlie serviei* of 
the works, know why or liow it was that a certain 
mixture of subslanees wiaild give a e(‘rtain shiule of 
colour or dye, or /tinn it was that a slighi variation in 
in the snlistaiices, or the addition of a eertain otlicv 
siihslamto in men the smallest quantity, would com- 
pletely alU‘r tlio shadi*. knew — no one heller — 

what certain work would giv(‘, and all Ihc di*lails 
as to the doing of it ; but grojang, as in the dark, 
knowing noiliing ami notr caring lo know anylbing 
about the “reasons why," he had never h<*en able 
to suggest anything wliieh added to the working 
eapahilily of Ids department. Kvery improveimait 
in it had originab-d with men to whom he would 
liave denii^il the right/ to he ealh-d “ praetieiil." 

Wo are not likiOy in tjjefntnroto j>ri‘fa(^oany of our 
facts, figuns, or memoranda with aiiecdolal matler, 
such as that wo have imw given, lint w(^ do it n(»w 
— and very probably oma^ for all as it is a grajdiu? 
way of “Idlting a Idot," or sliowing a thoroughly 
“weak point” in tlio condiiion of many of (»nr 
technical and industrial workers. Kngaged as tlicy 
arc fnan day to day in work whii^li th(?y cJinnot 
possibly be ignorant has dm-ived every improvement, 
every new proec^ss, every new ajiparatns or kind of 
maddnery from men of Hcienco Die very i'lass tlK?y 
arc so disposed to look down upon as not practiejil— t he 
real marvel is tliat they should have so worked on for 
years without some desire to know s<»met)iing of tlioso 
wdenci^H to which as mere workers for wages they 
owed HO much. In llieir fon/men, their managers, 
and in the heads of thtfir <.‘Mtalilishineids, they liavo 
beyond all manner of (loul>t examjiles of men wlio 
have risen to tliose positions largidy, if not (tldefly, by 
the fact lliat in addition to the usual qualities of 
pnulonee, steadiness, and close attention to work, 
they have studied the principles upon wldcli the 
paying practhfc of tliat work depends. And it is no 
loss a marvel that so xminy sliould nevertheless have 
shown HO little desire t/O avail themselves in like faBhion 
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of thift power of progression in life. That things are 
becoming every day clittcront to this, is matter for the 
highest gratification to tlioso who arc truly interested 
in the progress of tcclmical and industrial work, and in 
the advaiKJtanent of the jjosition of those who carry it 
out procticnlly in our workshops and factories. Wo 
trust tluit in tliis gnjut object of the future our Work 
will play an iTrij)orbn»t, at hmi a highly u?-ol'ul part. 

Let us turn to the subject named in the title of (»iir 
paragraph, after this introdiicjtion, the length oF which 
will not be lost if it should prove practically suggestive 
to some at loai^t {)f our readers, (a) To find the number 
of gallons which a cistern or tank of given dimensioiiB 
or size will liold or tjontain. Ileduco the dimensions 
if in feet, or in feet and indies, to inches ; fis 9 feet 
6 indjes, thus Ox 12 + 0 = 114 inches; then 
niultijily the length, breadth, and d(‘pth, this taken 
in indies, into (inch other— that is, the length inulli- 
jdi<*d liy the width, and the itisnlt, or quotient, inulti- 
l)]i(d by the d(*plh. '.riie final result will be the 
nvinihei* of cubic indies contained witfiin tlie dimen- 
sions of the tank. As there are 277^, or 277*25 
cubic indies in a gMllun, divide the result or quotient 
last found by 277*25, wbich will gi\ o ilio mnnher of 
gallons tlie tank (toulains, (u) To find the number 
of euhie or the capacity — frequently termed the 
cubic? capac'ity — in a tank or (*istei-n of given diinen- 
sins, As hd’oi-e, rediuio all the measurements in feet, 
or in feet and indies, to incdies; multii»ly length 
hi-eadth, and <h?pth into oadi other, and divide the 
result, which is cubic indies ns hetoo, by 1728 — the 
number of cubic indies in a foot — the quotient ivil 
bo the niuiduu* of cubic ft‘et r(H|uired. And as there 
RTO 01 gallons of water in a cubic foot, the number 
of gallons will bo found by multiplying tho cubic fisot 
by 0^. Thus this method may be used as a proof of 
tho corrCK'tness of the c-aleulation (a). In some cases 
a tank or cistern may have to be fitted up in ox*der to 
contain a certain number of gallons in a space of w*hich 
the length and width are definite and must be adhered 
to, but of which there is no limit to the depth. This 
rule, tlien, may be employed to ascertain the depth 
under those conditions, (c) Take the number of 
gallons the tank or cistern has to hold, and multiply it 
by 277*26 ; divide the product by the length in inches j 
this multiplied by tlie width in inches, tlm result or 
<luotient is the depth in indies. 'J'ho conditions uiuler 
which the tank or cistern is trO be fitted up to contiiin 
a certain number of gallons may be such that, the 
longth and depth being definite or fixed, there is 
ainjile space for width, In this case the following 
rule may l>e used, (p) Take the number of gallons 
and multiply it by 277*26, as before; divide the 
product by the longth in inches multiplied by the 
depth in inches : the quotient will give the width in 
inches. Finally, the conditions may be such that, the 


width and depth being definite or fixed, and the 
number of gallons known, the length of the tank or 
cistern is required. Then in this case — ( e) Multiply 
iho nuinl>er of gallons by 277-25, divide by the width 
in inches multiplied by the depth ; the quotient is the 
length in inches. Taking the letter (^) to denote in the 
above the length, (w) the width, and (d) the depth, 

(o) the consbint 277*26, (p) the constant 1728, 
(s) the number of gallons, and (t) the number of cubic 
feet, then the rules named above may be represented 
by the follow-ing formula 

(A) . (1) X (W) X (d) - (o) = (.). 

(B) . (0 X (W) X (d) - (p) = («). 

(C) . (.) X (O) - (0 X (W) = (d). 

(d) . (h) X (o) -I- (/) X (rf) =: (v;), 

(e) . (it) X (o) -r (w) X (d) - (1), 

(p) In cases wJiero the tank or (listern does not rest upon 
the gi’Oiind or a solid foundation, but is supported by 
beams or upon columns or pillars, it wdll be necessary 
to know tlie weight of the tank with its load of 
water — one of tho data required to ascertain the 
dimensions of the beams or columns. This total load 
will be made up of tlio weight of the tank or cistern 
itself when empty, and iho water it liolds wdion full. 
The methods of calculating the w-eight of the empty 
lank will form the subject of a future Note, and 
tlie calculation also required to asciertain dimensions 
of beams or columns. We liave now to concern our 
selves only with the weight of the water. Tho 
number of gallons being known or ascertained by the 
rule (a), this is to be multiplied by 10, the number of 
pounds’ weight, of a gallon of >va ter— presuming this 
to be tho liquitl stored up. Tho product must then 
be divided by 2240, to reduce it to tons ; the remainder 
by 112, for the cwts. ; tho remainder by 28, for the 
quarters; and the final romnindor will give tho pounds ; 
tho result in tons, cw*ts., quarters, and pounds w'ill 
thus be obtained. N.B. — It will be observed that tho 
above rules refer to tanks or oisteras quadrangular 
or rectangular in form or section ; those applicable 
to tanks ciivular or round in section or form will be 
given in a future Note. 
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Mileage of Railwaye.— A very etrilting statement was 
recently made by Mr. Webb, at tlie luncheon at Crewe by 
the Railway Company, to “ The Iron and Steel Institute.” 
He said: **It may interest some of the members of the Iron 
and Steel Institute to know that our mileage to-day is over 
48,000,000 miles’^ (that is, more than half the distance 
of the sun from the earth). “Going into days, hours, 
and minutes, that means 131,r)20 miles a day, 5,480 miles 
per hour, 04 miles a minute, and miles every second 
of time. This, gentlemen, will represent a journey round 
the world about every four hours ; and I glad to say 
tliat our machinery is so perfect that we can go ro\md 
the world an average of throe times without losing either 
a split pin or a cotter.” Wo have been accustomed to con- 
sidur astronomy as the science of magnificent distances ; 
henceforth we must admit that railway engineering has 
some claim to the title. 


Electricity Packed for Eemoval,— Mr, Benger 
Spence and M. do Lalando have introduced a now 
method of electric lighting which promises great things, 
not only in the way of illumination, but os supplying 
a source of power in the most compact possible fashion. 
One writer, describing the new invention, says, “You may 
buy your electricity from the factory in a box, as you 
would tea, and you can use it without difficulty cither for 
lighting or motive power.’' A -lO-lh. battery will, we ari' 
told, drive a tricycle for a thousand miles at the rate of 
eight miles an hour ; and the power can be turned off as 
easily as gas. Tricycling is already a very popular ainuse- 
inoiit, but it will bo perfectly delightful if wo can bowl 
along at a pleasant rate of speed, and without the tiring 
and certainly (in the case of ladies especially) ungraceful 
work with the treadles, Time will show, however, 
whotlier this dream is to be realised or not. 


SiTi,— I road in the newspapors a few 
days wince the report of a conferenee of 
nicnd)Ci‘s of the Artisnnw' Technical Asso- 
ciation with employers and workers in 
various trades. The llev. II. Solly, h.mg 
known as an earncKt lulvocatc of every 
effort to really improve the social and In- 
Icllcolual status of the working-man, said 
“that now the appninlicctihipsysUim w'as, 
in many instanees, practically dead, it 
was nceesaary, if British industries wore to 
hold their own against foreign conipc- 
til ion, that young men under twenty-one 
should be compulHorily riHinircd to attend 
classes where they could learn the tech- 
nology of their trn<ll^8, the employers 
affording faciliUeafor this purpowj. Trades 
unions might aid the work by insisting 
that those who were admitted to their 
lodges should give proof of theij' know- 
ledge of the tecliiiiculitios of their trade.'* 
I, who have had some cxi)crieneo of work- 
shop life, fear that our excellent friend is 
not quite so well informed as to the dispo- 
sition of employers and nicmbers of trades 
unions ns he might bo. His suggestion 
reads well, but at present, at leaKt, is not 
very likely, except in some very rare cases, 
t^ l>ear fruit. A vast number of cmjdoyers 
take young boys into their workshops nomi- 
nally as apprentices to learn the trade, but 
actually because boy labour Is cheaper than 
man latx)ur. The fad is kept close at work 
in one of the branches of the business, 
and passes his seven years in almost abso- 
lute ignorance of every other branch, 
unless his own will and intelligence in- 
duce him to keep his eyes open, and pick 
up here and there a bit of information. 
These boys ore frequently paid, after the 
first year or so, on the piece-work system, 
at the rate of onc-hoff or two-thirds of 
the standard of wages for men. Limited 
08 the nature of their work is, they be- 
come fairly expert— that is, expert enough 
in the production of the “ shoddy " W(jrk 
the mojiter is content to produce ; and at 
the end of their apprenticeship ore turned 
out on the trade wdth the smallest pos- 
sible amoimt of acquaintance with the 
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handicraft they ant suppoHcd t o have l>cen 
taught— only able to uo one thing— and 
otlier boys take their placcH. In my own 
caw, 1 was presumably taught tlu‘ busi- 
ness of a letter-press printer. There wan 
something in my indoiitun? of apprentice- 
ship about '‘art and mystery," if I re- 
member rightly. 1 was put to <ias(5 "— 
that is, picking up the types. In duo lime 
I was paid half the regular wages, then 
a little more. So long as I could hustli^ 
together a grwKl number of lines— and 1 
could soon do that-" my employer was 
satisfied. What on tinrth dnl he, cai’t^ 
ai)OUt my oldalning a fair knowledge of 
the various dq^artmenls of a rather coin- 
]>lcx l)Usinoss if When my time was iij), I 
was a tolerably g<M)<l type-setter, but very 
little more. J know nothing, for I was 
taught notliing, about press or niaehitie 
work, the sizes and quality of jjaper, the 
composlLiou and relative value, of dif- 
ferent kinds of ink, or a <lor.en other 
matters whielj a printer ought to be ue- 
quaintesl with. 1 have seen “young men 
Iroiri Uio country/* and from Lmnlon 
otllco.s too, unable even to arrangtj ilie 
pages of type so that when jn’intod tljc 
sheet won hi f(»Id properly. (I avoid such 
technical terms as “imposition,” whirl) 
would, jicrhaps, not be understood by 
your reoilcrs who arc not printers.) Many 
youths are set to work on ncwspajjHjrs, and 
pass seven years in sotting up line after 
line, but know no more of fxKikwork or 
“ jobbing ’—that is, displaying )>ills and 
broadsides— than they do of Kuclid's 
Elements, I am not lierc concerned with 
the question of trades unions, either for 
or against, and much can be said on both 
sides; but as I have frankly expressed 
myself os to employers in this matter of 
apprentices, 1 am somewhat inclined to 
believe that trades unions arc as little dis- 
posed as employers to put themselves r^ut 
of the way to advance technical skill. 
Whatever may be said to the contrary, the 
tendency to maintain a standard of medi- 
ocrity, to level down clever workmen, 
and to insiit that the unintcIligeDt, in- 


competent man shall be paid os tnucdi as 
the workman will) brains in his head, is 
iHjyoml all doubt ant agon iBl,i<* to all 
teehnleul improvemcnian<l progresH, And 
il docs not matter to me by whom this 
tendency is ercatc<i or maintained— 
whether l>y employer, tanployed, or the 
HocielioH of the oim or the oUntr— its 
inlliumce is only bad, and ran be n<i other. 
In the eoui’Ko of thi! dIsruMMion il was 
freely admitted tliat “worknum wen- 
very largely ignonmi, of the, prirndples 
which govern their respective trades." 
Ignorant they are likely to I'cmain while 
Mil' present system lasts. My (loriHCicnce 
will not p(n'mit mo to suliscrilKJ myself 
a “ l‘rinlcr,” I am not tjuilc sure that I 
could easily discriniinale lietweeii a shci-.t 
of paper of tlm demy size and one of royal. 
Certainly if I were in business I could not 
liuy ami sell with judgment any of its 
inatcriiils or "stock. " 1 know a printing 

machine by sight, lint could no more work 
it than I could navigate a ship; yet 1 served 
an apprenticeship to Mie “art and my^- 
tery ’ of printing. As, however, 1 have set 
np many thousand lines of type, i>crlmpM I 
ruuy «ii;n rayHclt ^ 

Hin,— 1 wish to express the pic.uurc 
1 have experienc,cd in jH-rusing the first 
number of your .lonrnal. I’seful to all 
(rlasses inti'.rcsUid in “ work " and how to 
do il, It will be especially useful to eml- 
grants, who too ofteti enter upon a new 
life strange in many of its aspects, with 
a most imperfect knowledge of the dilH- 
oilties they will have to encounter- 
difliculties not always the result of exter- 
nal circumstances, but arising from their 
own deficitsney in technical skill. The 
ho|M*ful young emigrant thinks it an cosy 
task b) settle down in a new location, 
and make a homo for liimsidf and hi') 
Isjlongings in the wilderness of Oariacla 
or Aiwtralia. “ I shall run up a shanty,'* 
he says, “or pcriiaps a log hut, I have 
read a good deal about sucli places, and T 
think 1 can l>e jolly c<»mfortablc,*’ He 
finds himself on the bush of Australia 
10 
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or on the bordom of a ORnaditm forost, 
and then discovcrn that, though trees are 
plentiful, though he has a fair lx>x of 
tools, and is strong and active, he has 
Hcarccly any idea wliatcvor as to the way 
to sot to work to construct hishomesicaa. 
T hare heard of one emigrant who wrote 
to the old country thanking the author 
of a book on building construction (wliich 
he had fortunately, perhaps I ought to 
say prudently, taken out with him) for 
the assistance it afTorded, enabling him 
to dispense with hired labour, and which 
ropaia ilie cost of the book— and It was 
not, as yours will bo, a cheap one by 
any means^a hundredfold* The shan- 
ties and huts clumsily put together by 
some of the settlors in the locality 
tumbled down because the logs and 
lanks could not hold together, or were 
lown down by the first high wind. 
The roofs wore leaky, the wind whistled 
through innumerable orcyiecs. Man and 
wife wore wretched, the children ill, no- 
thing prospered, because, with all the work 
in the world to make things comfortable, 
there was an unfortunate lack of a little 
elementary knowledge of the principles 
of construction. J therefore welcome the 
appearance of your Journal, which should 
be put into a comer of the emigrant's 
ehest, If ho brings intelligence to the 
task of studying the information given, 
not only may he have a comfortable, if 
rough, house to live iu, but will know a 
good deal more about many things con- 
nected with live stock, crops, and similar 
mniict'H, than he did when ho first thought 
of sotting out to seek his fortune in a 
colony.— •! am, Sir, yours, etc., 

OJXE who UAB learned SOMETHiNa 
BY BEADIKO. 

A correspondent writes us that the 
fiohaflnor Sc Helhig’s process for Uti- 
lising Alkali Waste, referred to in Note 
No. 5 in “ Technical Facts and Figures," 
has not proved a commercial success 
in this country. To some points of his 
obliging letter we may m^o future and 
further roFcrenco. In regard to this, 
the author of the above note " has sent 
us the following ; — “ Your correspondent 
is, 1 think, a little in error in liis stato- 
mont tluit the above process has failed ; 
thousands of tons of waste being yearly 
recovered with profit. Without doubt it 
has not quite reached the success hoped 
for when first introduced ; but your cor- 
respondent should not forgot that it takes 
some time to pmvo the success or failure 
of so extensive a manufacturing enter- 
prise as the utilisation of so vast a mass of 
alkali waste as our largo makers liavo to 


deal with. It generally tidees some years 
of trial on an extensive scale— it often 
takes years of unremunerative working— 
before a process like this can safely bo 
set aside os a failure. 1 have lately had 
a conversation with the heads of two of 
the largest English alkali works by the 
old process on the subject, and they agreed 
in this, — that as the process became 
perfect^ it could be profitably carried 
out by all Leblanc-ash makers, Both 
have laid out largo amounts of capital 
in the improvement of the plant of the 
I«blanc process, and hope % so doing, 
and by subsequently working a modin- 
oatioD of the above utilisation process, 
to compete suooessfully, although with 
greatly reduced profit to that made hither- 
to for the next ton or twelve years, with 
the ammonia-soda process. We are aware 
that one firm makes a handsome income 
by, the recovery of sulphur from|the waste- 
heaps which have been accumulating for 
years on their premises." 

Wo may here add to the above, whilst 
the opportunity occurs, that when a 
commercial firm adopts a certain now or 
improved method or proocss the public 
are not always iuformed whether that 
method or prooess has been found to be 
successful on the largo scale, and through 
all the oxlgenees of practice. When a firm 
discards such method it docs not always 
like to confess the failure— thouj^h gene- 
rally no fault of its own. Again, when 
a proocBB' turns out to be successful — f,c. 
profitable— every business man well knows 
that it may not bo to his interest to pub- 
lish his BuceoBB ; not simply beoauso it 
may give his oompetitors the beneiit of 
his experience and capital, but for other 
reasons obvious to those who have toohni- 
eally commercial experience. As a rule 
firms do not like to confess to failures, 
and it may also be accepted as a rule that 
practical men of business care os little to 
toll of their successes. Continued exer- 
tion to make their .work a success and 
to avoid failure is in truth much more 
In the way of business men than talk 
about either. And often success and 
failure are but relative terms. In fact, 
some of the most important of industrial 
improvements never reach the know- 
ledge of the general public. It will form 
part of the plan of our work to place 
before our readers many improvements 
of this charaotor derived from actual 
practice in several departments of techni- 
eol industrial work. 

Issue or Publication of Papers 
IN THE Journal. — W e have had several 
queries addrassed to us with reference to 


the time at or the parts in whioh certain 
papers named in our General Plan of Work 
will be issued. With so varied and large 
a number of subjects which that plan 
embraces, it Is somewhat difficult at the 
present stage of our publication^indeed, 
almost Impossible — for us to arrange a 
Bohome which will give a place or time to 
the issue of papers in anything like a eon- 
socuiive or well-arranged order. We shall 
for the present bo governed very much by 
ciroumsiances intma matter-^meanwhile, 
however, thinking over some plan by 
whioh the wishes of the majority of our 
correspondents may be met. At present 
we are able to give a definite answer to 
the question so courteously put by ** E.M„" 
by stating that the first chapter of The 
Land Drainer " will appear in next issue, 
that is, Part IV. 

Bbference Lists of Books fob 
Tbchnioai^ Students.— With regard to 
this subject, we have had suggestions 
made to us that lists of works useful 
and calculated to be useful to technical 
students would form a very practical 
department of the Journal This falls in 
so well with some notions of our own on 
the snbject, that we oontomplate having 
lists of reference works arranged under 
different sections of toehnieal work 
prepared. While the different authors 
to whom those lists will be entrusted 
have a pretty wide knowledge of works 
treating on the respective subjects with 
whioh they are praotioally acquainted, 
they will, wo arc sure, feel ob^cd if any 
of our readers who may be disposed will 
send contributionB to the lists. And in this 
way it may be here suggested that Pub* 
lishen of technical woru could aid the 
Boheme by naming the works which issue 
from their presses. And this last sentence 
reminds us of the fact that several WorJcit 
amt for lievUw are lying before us fer 
notice. On this wo have for the present 
only space to remark that it will be 
obvious that where there are such great 
demands made upon the space in each 
Part at our disposal, wo have not much to 
spare for reviews of books. This much 
wc moy however say : that we are feeling 
our way to apportion a certain space for 
matter of this kind ; and that if we can 
spare space at all for reference to any work 
sent us, we shall think it only fair in the 
interests of the publishers, and right in 
those of our reaners, to ^vc something 
more than a mere bald notice that tho 
work has been received. In a ease like this 
we shall endeavour to give our readers such 
a fair description of its general featoies 
os will be of some practical use to them. 


PRIZE sgiieme of the teciieical journal 

Notice to Intending Competitors, 


It hm been represented to us that the time named 
in the ffrst part for sending in the Designs and Papers 
connected with tho various Prizes is too short, at all 
events in the case of the first of the juries. Taking 
into considenition the ^ints suggested to us, and the 
in some respects novel oharaoteiistics of the Scheme 
generally, wo ‘believe that it will be alike in its 
interests and those of intending Competitors under 
it if longer time be granted thui that originally 


announced. We have, therefore, to ask those of our 
readers who are preparing Designs and Papers to l>e 
kind enough to t^e a note of the fact that the date 
for sending them in under the various classes is ad- 
vanced one month, Thus the date for 

Class under letter A will be February 28th, 1886. 

Class under letter G will be March Slst, 1686. 

Class under letter H will be April 30th, 1885. 
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Ths Otrsumituiess of ths Working CUhsi» thsir Working 
Hours and Lelaitro Time u XBflnonoing tko Wide Eztsn- 
sion of Teohnioal Education. 

In addition to the reasons previously named for believing that 
it will be long before our public institutions can possibly be 
established In number and in efficioncj calculated to overtake 
‘:he work before them, there is this other reason which must 
ye taken into consideration. That even when more widely 
established than they now ore, they cannot possibly absorb or 
draw within their influetice all our industrial workers. For 
bo it remembered that the element of leisure time ** mutt be 
joken into account. It is an easy matter for those who have 
loihing else to do than to be educated to attend technical 
schools and institutes— ‘Comparatively easy for many who are 
employed in certain callings which, while they cannot bo 
^lasted as handicrafts, are yet in some respects industrial or 
‘technical. It is, however, not so easy a matter for the great 
majority of those wh'o do the actual work of our great Indus- 
;ries. They have to work to live, and live to work. This, 
n fact, constitutes one of the real practical difficulties in the 
way of establishing a public system of technical education 
which will take in or absorb within its practical work the 
very classes which it is designee^ to benefit. They have not 
.he time, Tteither have they always the physical vigour and 
activity, after a hard day's work, to begin to them the still 
Harder work of walking to a school— probably very distant 
— and thereafter to begin to study, which Is to them harder 
till. If one may venture on an expression which, however 
unusual, conveys a vast deal of practical truth bearing on the 
whole subject of technical teaching, many of our working 
.asses have to be taught not only the valne of being taught, 
but how to be taught— to learn that which is capable of 
neing learned. 

Xmpertanee of Individual Itudy.— Teohnioal Xdnoation at 
the Homo. 

These are facts, and, like all facts, must be dealt with in 
a practical way. Individual study must therefore for long 
—Indeed, it will be always— an essential thing to bo gone 
through. The public school can and will do much — ^it cannot 
Hossibly do all. And beyond a doubt it will not always be 
adapted to the circumstances of our industrial workers. It 
■emains to be seen whether by the light of future and further 
experience this adaptation will be secured in a thoroughly 
efficient way. It is not, at the present stage of out national 
progress in public technical education, anything derogatoty to 
noh oyitems as have been established to say that they have 
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not as yet met the requirements of this adaptation to the 
oiroumstenoes of working xnen of all daises in anything like 
an effident way. As we have said, all such measures as we 
have taken in this dlreotion are as yet but purely tontaUve 
or experimental. We have therefore, as a oonsequenoe of 
this position, to get rid of many ddects which they have 
carried with them— defects readily enough acknowledged by 
those who are the most practically connected with their working. 

But valuable as schools, classes and institutes may, and 
as they will yet, be made, they never can do away writh, or 
themselves succeed indeed without, the infiuenoe of Homo 
Study. This, under the present circumstances of the work- 
ing dosses, is an absolute necessity. And such or similar 
circumstanoes are in all probability destined to be attached 
to those classes in times to come. 

Even where the public school is attended, unless its work 
be supplemented by the study of what may be called the school 
of the home, that work will only bo of Indiiferent value. But, 
in a large number of instances, the teohnioal class or institute 
will not be available. It is only in large towns that we can, 
at least for a long time to come, hope to have such publlo 
facilities for Imparting teohnioal education established. And 
even in such populous places— and markedly in those which 
spread over large areas, such as the metropolis— the more 
distances to be travelled by students from thoir homes to 
the publio school or instituto will prevent a large number 
from making use of thorn. And so far as the system which 
has been proposed by some of grafting upon our ordinary 
Bobool-teaohing mothers for imparting special technical in- 
struction is concerned, wo have still less hope that we shall 
see this speedily carried out. And this, not so much moroly 
from the difficulty of combining the two, as from the still 
greater difficulty of obtaining the sorviues of the obviously 
great number of teachers required in such an extensive system 
of school'toaching,— toBfihers who, to be of any practical use, 
must be well qualified to fulfil their duties. Even now, when 
our teohnical institutes and classes are but very few in 
number, the difficulty to find competent teachers is very great, 
— so groat, indeed, that one of the most important works of 
the future will be the “ teaching of teachers,” in order to supply 
the great and ever-increasing demand for men captiblo of 
toaohing others. Much, tlieroforc, as will be done by publio 
classes, more must be done by private study in the home. 
There are those, indeed, who believe that the highest service 
which the publio technical institutes can render, will be in 
directing the attention of students to books of practical value, 
in great measure inciting them to a close and earnest study 
of those ; and not only so, but in encouraging close habits 
of observation, and vivd-voev intercourse with their fellow- 
workers. Those combined influences are, as wo have said, 
by many high authorities in technical education believed to 
do actually more in Imparting practical knowledge than even 
the most persistent and patient attendance upon the technical 
class or the lecture-room. 

Books thi Important Elomont in tho Toohnloil Ednoation 
of thi Homo. 

Books, then, must ever play an important part in the great 
work of teohnical education, and this even when the publio 
class or the institute Is relied upon obiefiy as the method of 
imparting instruction. For in this latter case text-books are 
required to aid and supplement the labours of the teacher ; 
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although if he li a peculiarly able man hie pupile wUl be 
lomewhat tempted to neglect their text-boolu in reliance 
chiefly upon his rivd-vooe or spoken ftatementa But if 
text-books or guides to knowledge of different kinds play, 
or ere apt to play, but a secondary part in the practical work 
of the public class or institute^ they hold the flrit position 
in the Technical Education of the Home, Here they are 
simply and absolutely indispensable. Playing a double part, 
they take the place at once of the teacher of the public class 
or institute, with bis vivd^vooe statements and explanation^ 
and the text-book by which those arc aided, influenced, and 
supplemented. And although we are or should be the last 
to lower the Talue of the living teacher in the estimation of 
our readers— for his serrloes are of priceless worth to the 
nation.— stiU it will be readily enough admitted, on due 
consideration of all the points involved, that the book in 
the study of the homo possesses advantages to which but 
few teachers in actual practice can lay claim. The teachers 
can only be met with at stated hours and at comparatively 
long intervals. And in the unavoidable pressure of class- 
work, with all its inevitable concomitants of diflerences in 
the peculiarities, the idiosyucracios of different pupils; the 
many questions to be answered, the doubts resolved, the 
difficulties to be removed ; it not seldom happens that there 
is more work of education to be done than there is time 
given for the doing of it. Kor is the case altogether unknown, 
—some, doubtless, will aver, aind with much truth, that it is 
on the contrary but too well known,— where the pupil is shy 
and lesorrod, and afndd to ask questions the replies to which 
it is necessary that he should have, but with which unsolved 
ho has to leave the class-room. Kone the less known, perhaps, 
but unfortunately too frequently passed over as a matter of 
no moment, is that case in which the pupil belongs to the 
class popularly described as those who arc ** slow in the up- 
take,*' or who have a difficulty to conceive quickly the meaning 
and purpose of what their teachers tell them ; although if 
time were given them they have that peculiar gift, so valuable 
to technieal men, of firmly grasping a practfoal fact or a 
scientific truth which they do clearly understand, so that it 
becomes then thdr menial property for all time. What they 
have thus time to secure, they never lose ; but unfortunat^y, 
in the unavoidable pressure of the teaching of the class-room, 
that time cannot always be given— fn plain truth, is sometimes 
not given at all 

Difficulties whieh some Teehnieal Boholari— «s those of a 
Betiring and Blow Disposition— haTO to eontend with in 
the Dublie Olau or Bohool. 

Hence, in the public teaching of the class or the institute, 
It often happens— and so frequently, indeed, that some aver 
it is the rule— that it is only the forward and the highly- 
favoured in intellectual gif^ especially in that gift of 
quick reception of facts and principles, who are the marked 
and fortunately succeieCul pupils, But there are the othersi 
to whom we have just alluded, none the less truly gifted, 
who have all the capabilities Intellectually of becoming able 
students, but who, unfortunately for themselves, are some- 
what slow in conception, or shy, reserved, and bashful in 
manner. But with the book in the study of the home sdl 
those disadvantages disappear. The student slow in the 
perception of scientific truths, in the comprehension of the 
precise value of practical details, but possessed of a mind 
which retains firmly what he does finally understand, can 
go again and again to bis book, and remain with it as long 
as he desires, without any fear of being troublesome to his 
teacher, or of being put off with a brief explanation or a 
hurried, in some instances a gruff, reply. Kor the bashful 
jind the reserved— those who in actual intercourse wifh their 


fellow-men, and especially with their teachers and superiors, 
require to be brought, who never of themselves oome forward 
-^be afraid with their book. That is ever ready at their wish, 
—patiently waits, so to say, the time when the truths it 
enumerate the facts Its pages give, shall be duly and tally 
understood and appreciate even by minds the slowest in 
comprehension. 

The Teaching cf the Olau, or TlH.vooe Instruotion, Absolutely 
Keoessary, bewever, in some Departments of Teehnieal 
Knowledge. 

We give these remarks as to some peculiar features Of vivd~ 
voee teaching, or what is called the oral instruotion of the 
teacher, inasmuch as they exercise an influence more potent 
than many think of, In the working out of a practical system 
of Technical and Industrial Education, and which must 
therefore be taken into account, otherwise grave mistakes will 
"be made, and much disappointment as to results will arise. 
But do not let us be misunderstood as to our reason for 
offering these remarks at this stage of our Inquiry. We offer 
them beoause they refer to fficts ; and foots of dally life must 
be met and fairly dealt with. But while drawing attention to 
them as factors of importance In all caloulations as to educa- 
tional work In technics and industries, no one will for a 
moment suppose that we are disposed to underestimate the 
value of the living teacher’s work even in the slightest ^ still 
loss to hint that this can be ignored in any system of Technical 
and Industrial Education. For while, in some oases, the aid 
of the living teacher, or the help of lessons, can be 

dispensed with, and its place taken by books much more 
efficiently ; nevertheless there is a wide class of technical and 
industrial educational work in which booka cannot possibly 
impart the desired information or give the necessary know- 
ledge which will be practically useful. To those acquainted 
with technical or science teaching numerous examples of this 
will at once occur to the mind. The one or two which alone 
our space will permit us to give will suffice to illustrate this 
point. Take Technical Oheniistry. While the leading prin- 
ciples of the science can be gathered from book study, aided 
by such home experiments as may be within the command 
of the student, there are some points, and they are all of the 
highest practical value, which cannot be learned without the 
direct intervention of the living teacher. In analysing sub- 
stances, for example, certain stages of the processes will bo 
marked by certain physical phenomena,— such, for example, 
as on the emission from the substances under analysis of 
certain odours, perfumes, or smells, and the display of certain 
colours, etc. Hence in a wide variety of instances the 
student in Technical Chemistry has to become acquainted 
with certain odours, shades of colour, and the physical 
peculiarities of an extensive range of substances, as solids, 
liquids and gases. Now, all this has to be shown him by a 
teacher who hhnself thoroughly knows all, even the finer or 
the finest shades of difference displayed under different con- 
ditions of substances, and who is able to direct the student 
and to tell him when he makes a mistake and draws a false 
inference as to the presence or absence of a certain snb- 
stanoe, from the indications it may offer to his notice. In no 
department of technical instructioii, indeed, is the value, the 
absolutely indispensable necessity of the living teacher and the 
lessons, more closely and clearly exemplified than in 
Technical Ohemistiy,— it being almost literally true that the 
teacher has to be constantly with the student, watching hie 
work, noting his progress, warning him as to mistakes likely 
to be made, showing him how these can be avoided, and 
pointing out the . thousand-and-oue things necessaiy to be. 
known. This at all events Is absolutely true of what is par 
eweeUence the practical work of the technical chemist— the 
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praodoe of iho laboiatoxy in MkalyilDg mbitaaoes qmQita* 
tivaly or quantitatiTfily, 

TUi enentially neoeaiaTy help which .the teohnlotl student 
can reoei^e only from rjrd-rew loMons^in other words^ by 
the direct agency of the teacher^ alio required, although 
not in all or indeed in many caiee, in other departments of 
study. For example, in the work of the ornamental draughts- 
man and colourist, and in many departments of industrial 
work, where a student can be ikovm how to do a thing, and 
may be made to understand why it is so done, and this 
at once, which a laboured written or printed description, 
or eyen a lecture paragraph, would hare fhiled to oonrey. 
There are some technical points, some technical operations or 
constructions, as In drawing and design, which no written 
description could possibly make clear without the eye being 
called in to the aid of the mind. Hence the value of illustra- 
tions on the blackboard of the lecturer, and of diagrams and 
drawings in the book. Hence also, in the case of materials 
and substances used in the technical arts and industries, the 
value of specimens— and as a consequence of museums, etc., 
where those specimens and models, drawings, etc., can be 
met with— by which the mind is enabled to grasp their peou- 
llarities and charactoristios with a clearness and distinctness 
which no written or even explanation would yield. 

Other DiiBoultlei in the Way of speedily seouring a General 
Sxtaniion of Toohnloal Idnoatlon through the ICsdinm of 
Fuhlio Clasioi: the Toaohors; tho Oompotitivo iyitom. 

All these points show how many-sided a subject Technical 
and Industrial Education is, and the difficulties which stand 
in the way of its being established nationally, so as to bo 
thoroughly and practically useful. And so far as teaching 
by lessons is concerned, seedng how in so many 

directions it has to bo carried out in the closest of ways 
before It Is practically efficient, the difficulties in the way 
of getting a body of men large enough as regards numbers 
and highly trained enough as regards practical efficiency, are 
such that it will be, if not a very long, at least a oonsiderable 
time before such difficulties can be overcome. But it is not 
merely the difficulty, which is much greater than is generally 
supposed, in getting teachers numerous enough, ^possibly a 
greater difficulty will in future be found to U in getting 
tliem possessed of the gifts which enable them to commu- 
nicate the knowledge they themselves possess to the students 
placed under tbeii care. This gift is altogether different and 
apart from their abilities as teachers per le— that is, their 
training In knowledge. This may bo of tho highest character, 
and yet from lack of the gift they are not able to give to 
others what they themselves possess. Like the poet, it may 
be said that the teacher is bom, not made. Ko amount of 
acquired knowledge will give this capability to impart it to 
others. And even when obtained and acquired, the difficulties 
in the way of getting the teachers and students in that direct 
and peculiar mental connection which alone makes vivi-veoe 
teaching thoroughly valuable, is such as cannot in any 
wise system of Hational Technical Education be ignored with 
safety, as they will not in proctioe be overcome with anything 
like ease or quickness. And it is Just those difficulties which 
affect another department of vkd~wee teaching— namely, 
competitions and examinations*- and so affect them that 
before they are thoroughly useful they will have in their 
main features to be materially modified from what they are 
now. On all these points, so far as the personal relationship 
of students is concerned, the reader ear^ to go thoroughly 
into the whole question of Technical Education may be 
zefetred to a paper in the text of this work given i^er 
the head of **^0 Workman as a Technical Student— How to 
^tudy and What to Study.” 


Berne Yalnahle Oharaoteziitiei of the Bystem of Rome THhnieal 
Eduoatloa. 

Taking a fair and impartial review of all the oiroumstanoes 
of the present position of the question of Teobnioal Education, 
it is abundantly evident that for a long time to come. Home 
Study will be the chief source of that Improvement in the 
capabilities of our technical and industrial workers, for work 
which every one is now convinced it is an absolute necessity 
for us nationally to obtain. And this is altogether apart from 
any questions connected with the merits or demerits of the 
home study system as compared with that of class teaching. 
And this simply from the fact to which we have alluded— 
that from the difficulties, in many districts and under many 
circumstances of industrial workers Insuperable, in the way it 
getting eiBoient class teaching quickly and fuUy, they are 
thrown back upon home study as the only source of Improve- 
ment available to them. But those thus thrown back upon 
this system have much of an exeeedingly satisfactory nature 
connected with it to encourage thorn in its earnest pursuit. 
For in addition to what has been already said, and what may 
yet be given In apeolal papers in the text, as to the advan- 
tages presented by home study, the following may be perhaps 
encouraging. Those who have hod a wide and praotlod 
experience of tbomen who are occupied in technical and indus- 
trial work, and of the charaotor of that work, have not seldom 
had occasion to observe that those workmen engaged in 
technical work who were attentive students at home occupied 
in technical knowledge a much higher place as studonta who 
knew— that is, naturally posaesaed soientiflo knowledge— than 
many who had had the advantages of a highly organised and 
more or less expensive public college or olaM training. 

We have said much— and it was necessary to be given— 
u to the difficulties attendant upon the establiibment of a 
general system of public technical education, which will be so 
wide in its development that it will take in all the classes 
engaged in technical industry, and so well fitted fdr the field 
which it should occupy that It will meet the vaT*lcd and often 
varying circumstances of thoir' actual dally life and work. 
And what we have said is perhaps the best evidence which 
can bo given in favour of tbo vast value of tho technical 
education of the home, in which the book is as wildly indis- 
pensable, as it is the principal practical feature. Everything 
of course depends, in this style of study, upon the character 
and class of book which is to be adopted as the guide to 
or text-book for the borne student. For there are books 
and books. 

The Ewantial Ohaiaeteriitloi of Books fittod for tho Toohnloal 
Idnoatlon of tho Homo. 

The indispensable feature of a book which offers itself as 
a guide to the home student is that it shall be trustworthy- 
in other words, that its information be correct. 8carody less 
important is it that it shall give this information in a way 
which will, attract rather than repel. A guide may know the 
country well through which ho proposes to lead a traveller ; 
but he may be so rude and rough a companion, may give his 
information in such a way, may reply to questions so bluntly 
and brusquely, that the traveller wc>uld rather forego all the 
advantage attendant upon following tho route proposed than 
take it along with such a guide. And if this would bo so in 
the case of one who was thoroughly convinced of tho advan- 
tages to be gained by traversing a district, much more easily 
would one be repelled by tho manner of his guide from follow- 
ing his direction or entrusting himself to his care, who was 
not quite sure as to the advantages of going over the route 
at all. And so with technical text-books purporting to be 
guides to the home student. For it should not here be over- 
looked that with B vast juunbet-ot- those emraircd in thA 
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ActtiAl work of toohnioAl induitryi tkm i« but littlo roul 
oonvtction of tbo high value which so much aoientifio know- 
ledge poBBeBees when applied to the improvement of ite variotu 
branches# Manjt in fsot, have to be Inofted to learUf and 
encouraged in every way In the actual acquiTement of fWsts 
and principles. A text-book should therefore be written in 
such a way that, while its information is petleotly tniatwoithy, 
it shall lie so attractive that it will lead the readers of its 
pages almost Insensibly, yet powerfully, forward. It should, 
moreover, be so suggestive in ite style that it will compel 
them to think— make thinking, indeed, a pleasure rather than 
a pain, as it is, in fact, with but too many of our workers, 
Tho text-book or guide for the student at homo, while thus 
presenting certain features which are in fact indispensable, 
will mainly be tho vehicle of conveying the results of the 
experience and the practical knowledge of its writers in the 
various departments which its pages discuss, 

But, much as may be embalmed in a special text-book, and 
in books generally which treat of technical subjects, there 
remains a vast amount of practical detail floating, so to say, 
about, which has as yet found no abiding place in literature. 
Much of this is being gathered in, and place given to it In one 
published form or another. But this collection or gathering 
in is nevertheless being done in such a [)lanless, desultory 
manner, that, highly valuable as the Information is, it is so far 
from being readily available, that those who might bo sup- 
posed to know almost everything on the subject of toohnlcal 
knowledge, know only that such and such information has 
been published in some stray paper or another, but do not 
know how to lay their hands on the vehicles in which ll 
ap))ears. If such bo tbo case with those who may be called 
** experts” in technical literature, what chances have the great 
majority of technical workers of gaining access to this wide 
and usually full supply of that technical knowledge on which 
we have shown that tbo future value of tbelr work and the 
future fortune of their trades depend ? 

And if the diffleulty of gaining access to a treasure-house 
like this of practical facts exists in the case of such an infinite 
variety of publications in our own familiar language, what 
must it be in regard to tho same class of knowledge hidden in 
tho no less varied sources of foreign languages ? There is a 
chance, though but the poorest, of obtaining, in some way 
more or less difficult, and at some lime more or less remote, 
the information from such sources as we have named, which 
have been already published in our own language, There is 
scarcely any chuneo, however, — wo might well say practically 
noTio,^ot getting hold of the like information which is at 
present almost wholly embalmed in foreign languages— in 
books, papers, and pamphlets, which are in themselves but 
as “ sealed l)ooks" to the great majority of our people. 

The Claims whioh the Frsient Work has to be eonsidered a 
Oompleto, Oompreheniive, and Trustworthy Text-Book of 
Fraotioal Value to the Toohnioal Student. 

A book, then, which would bring together in an easily 
accosHible and cheap form all tho combined results of the 
best thinkers about, and the most able and skilful of workers 
in all lu'anohcs of, technical work, would simply be invaluable, 
as the soundest and the best of instructors. But it to all this 
were added the very latest results of soientlfio investigation 
and the most recent and pecuniarily valuable lal>oar of our 
workers in our own country, and from the districts most cele* 
brated for their production in special branches, together with 
the most valuable portions of that wide variety of technical 
knowledge floating about in this country and in other coun- 
trles to whioh we have already pointedly alluded ; and if tho 
whole were arranged in a methodical manner, were illustrated 


by diagrams, plau^ sections, and elevations,— in brief, by 
working drawings and readily available dcatohes anddlagrami, 
—some idea may be formed of the praotioal value which a 
book of this kind would possess to our technical worken 
throughout the kingdom. 

Such a book, we have reason to believe, will be that to 
which this is the General Introduction; and we now invite 
the attention of the reader to some of its leading features. 
To make it complete in the fullest sense of the term, within 
the reach of earnest endeavour, is the intention of its con- 
ductors. To do this no effort has been or will yet be spared. 
Its plan or method has been the subject of long and anxious 
thought; and to carry this out in all its details the best 
authorities in this country, as well as in America and on 
the Continent, have been consulted, and the help of the most 
practical authorities and writers secured. 

A word or two as to the practical value of the teohnioal 
literature of the Continent, which is one of the outcomes or 
results of the systefu of Technical Education which has been 
BO long carried on there, will be useful in this connection. 
This literature does not exist mainly in the form of text-books 
for schools and students, although those arc as excellent as 
they arc numerous and complete. It embraces also a vast 
body of InfoiTaation on technical subjects, which has found 
place in special reports and volumes issued under government 
sanction, and paid for out of national funda For Continental 
governments have, with a wise prevision of the necessities of 
national industry, deemed it their duty to foster and encourage 
all classes of practical work, by the Issue of a wide variety 
of papers, books, and documents, connected with them. Nor 
less marked in praotioal value is the technical literature which 
owes its existence to the skill, tho knowledge, and the rexnark- 
able trade enterprise of publishers. To those amongst us who 
for the first time come into direct contact with what may be 
called the full stream of Continental technical literature, 
embracing all the three great branches we have named above, 
the first feeling is one of gratified surprise that so much has 
been done for tho people in the way of placing within their 
reach such a vast body of information bearing in the most 
direct and practical manner upon those branohes of industrial 
work upon whioh depend in great measure their well-being 
and prosperity as a people. But to those who are Intimately 
acquainted with the subject, it is impossible to be otherwise 
than matter of great regret, that out toohnlcal literature, 
considered from a national point of view, should present such 
a marked contrast, both in extent and character, to this Con- 
tinental literature. One marked feature which it presents is 
the profusion of illustrations which is displayed in the great 
majority of the works, and the extreme beauty with which in 
most oases these illustrations arc executed. 

From a long and intimate acquaintance with Continental 
teohnioal literature, the conductors of the present work are 
fully alive to the value of the rich store of information to be 
had from its numerous works. From extensive sources, cover- 
ing the whole field of technical work and industrial processes, 
they have therefore made a careful selection of material. This, 
when printed under new arrangements specially adapted to 
the pages of a work intended for circulation throughout not 
merely all tho districts of our own country, but in all places 
throughout the world where the English language is spoken 
and English skill, energy, and enterprise is displayed, cannot 
fail bflt to add immensely to its praotioal value to its readers. 
From various Continental sourocs, moreover, the oonductois 
have also obtained a large number of beautiful illustrations, 
which will add to the attractiveness, as well as to the prac- 
tical utility, of the work. Such Is one of its features, to which 
special attention is here drawn. 
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TWB CASFSHTEB HIS lEOHHICAL WOBK. 

Its Obioik akd Kablt Fboobbss — The Pbinoiplub 
A2TD Details of its Peaotige. 

CHAPTER III, 

Tha Xathod of DasUng Tlmbar, Trtaa or Parts of 
Traaa, ia tha Early Ooaatniotiotta of tha Oorpantar, 
oontiniiadt 

As construction improved, the value of flat surfaces 
would be seen, if in nothing else than in the closer joint 
which could be secured than by the use of round 
timbers, which could only touch at one pomt in the 
ciiTJuxuferenoe, leaving rounded or hollow surfaces 
on each side. This we roughly illustrate in fig, 17, 



Fig. 17. 


in which a a shows the good joint formed by two 
flat-surfaced pieces of timber lying together. It is a 
narrow point only at which the two round branches 
0 , d, can touch, leaving the hollow spaces e, a, on 
each side. The inequality of the joint is, however, 
still more clearly shown in looking at the sides or along 
the length of the branches, as at //and gg. Branches 
are often very crooked, and it would not be an easy 
matter to And two branches so well matched tliat the 
hollow in the under side of a branch, as at A, could be 
filled exactly up with the rising or swelling part of 
another, as at Much moro frequently would the 
Ciise be as at // and g g, where hollow places — which 
would form holes — would be formed, as at j, k. The 
infinitely better joint obtained by using two flat 
edged pieces straight in the direction of their length 
is illustrated at L 

The splitting of round timber, or of a branch, as a 
in fig. 2 {ant€)f in two— in which operations the value 
of the “ wedge,*’ as at b, driven by the ** mallet *’ or 



Fig. IS. 

hammer, would be early ascertained — ^in ^e direction 
of its length, would obviously give two flat surfaces, 
one to each half, as at oo end dd, 18. Bv 


the axe, the adze, or the chisel, the rounded side of 
the half -branch, as at a in fig. 3 (on^s), would be made 
flat also, and the first “plank,” as at 6, would thus 
be formed. Its breadth would be determined by the 
diameter of the branch out of which it was out ; its 
thickness by the extent to which the rounded side 
would be flattened down. The plank so formed would 
naturally have its upper surface of diflerent breadth 
from the under, giving as a consequence sloping edges, 
as at 0 0 , d, or e, fig. 19 ; to moke the ** board ” or 



Fig. 10. 


“ plank ” a perfect rectangle in section, as at/, so that 
its edges would be square to the surfaces or sides, the 
sloping part, as at g 0 , would be out off, so os to leave 
the edge vertical, as at A. 

The Catting up of Trees, or Parts of Trooi, into Timber 
for the Early Work of the Carpenter, 

Tlie uses to which flat-surfaced boards or planks 
could be put would rapidly multiply as constructior 
and the consequent desire for comfort demanded b;, 
many consumers progressed. And when wiws couh 
be made large enough and strong enough, they woulr 
be soon and extensively employed in cutting up or 
dividing in the direction of their length round timber 
of such diameter as would give more than the twe 
planks or boards which the method illustrated Ir 
fig. 18 would yield. This process is roughly illustrater 
in fig. 20, in which a A, is supposed to represent the 



Fig. 20. 

end in section of a tree or a large branch of it. By 
sawing down on each side of the central point, as 
at 0 0 , df the plank or board of greatest breadth, 
i 0 0 d dt would be ^ot which the piece of timber 
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would be capable of ‘ giving. By again sawing down 
vertically at variouB pointe, each remaining half, ae 
a and h, so many boards^ forming altogether a 
series of which e e, / /, is a rough representation! 
would be obtained ; e $ representing the boards or 
planks yielded by the part a, ff those by the part b, 
the central one g corresponding to oo d d. Being 
cut out of a circular bole or branch of a tree, the 
edges would be more or less rounded, as at A, % and j } 
the edges could be made square by cutting off across 
the dotted lines either by saw, axe, chisel, or adse. 

In like manner, when beams capable of either 
supporting or carrying heavy weights were required 
— ns they would be as the desire to have larger and 
better structures increased — they could be cut out of 
boles or tranks of trees or of large branches, somewhat 
after the fashion shown in £lg, 21. We have alluded 
to the value of flat surfaces as being early discovered by 
the carpenter. These would be specially useful in the 
case of beams supporting heavy weights, inasmuch as 


a 



Fig. 21. 

they would enable the beams to be placed in position 
much more securely than if their surfaces were 
rounded. In other words, a flat surface would better 
give what in modem technical phrase is termed a 
“good bearing surface than would a round, which 
would obviously present a rocking or rolling surface 
when lying on a flat place, technically now called a 
“ bed ” or bearing place. The quickest way to get a 
beam from a tree or branch would be to out or square 
off two sides only, as at a and o, fig. 21, giving two 
corresponding flat surfaces and two rounded edges as 
at b and d. A square beam would be obtained with 
four flat sides by cutting or squaring off the four 
rounded parts as at 4. The reader will find at 
an advanced part of the present series of papers a 
method of finding the strongest section of a rectangular 
beam which can be out out of a round hole or trunk 
of a tree. Farther on, also, he will have various 
diagrams given him illustrative of the points which 
regulate the forms of beams calculated to support the 
greatest weights, and how the pressures exerted upon 
beams are measured and estimated, 

“Frajalaf,” w «‘»ramtwork,»» an Asisnblafs of “Kiooi»» 
or Parti of Timber in tho Ooastraotloa of the Oaipontor, 
-fiomo Toehnioal Points ooanootod with tho Inldoot, 
^ far^ as we have gone, we have been concerned 
chiefly with the methods of joining timber together. 
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in using and in cutting it up, and with explaining 
in conjectural fashion the possible way in which 
the methods were discovered by the early workers in 
timber construction. But we have only incidentally 
touob^ upon what constitutes true “ framing,*’ By 
this term is meant an arrangement of timb^ more 
or less numerous by which with the least weight or 
bulk of material the stringent form can be obtained. 
This arrangement is called an “assemblage,” or 
an “arrangement,” or often simply a “framing" or 
“ framework," and may take various forms, of which 
floors, partitions and roofs are those principally 
met with, although there are numerous other foims, 
such as those in scaffolding and framework used in 
the construction of public works, as harbours and 
other departments of civil engineering work. Of all 
of these, illustrations in abundance will be given 
in the course of these papers. The assemblage of any 
framing is, as we have said, m^e up of a number of 
independent or separate parts joined or connected 
together; and to these parts the name of “members" 
or “ pieces " is technically given. Those assume dif- 
ferent positions, and take different names — such as 
girders and beams, rafters, purlins, struts or braces, 
ties, king posts, and the like. Of all these also, and 
the joints used in connection with them, the pupil will 
find ample illustration in succeeding chapters. 

In endeavouring to trace the gradual progress of 
the art of carpentry in one of its leading departments, 
the pupil will very much have misconceived our aim 
if he supposes that we have been giving what may 
be considered as matter which is merely interesting, 
or, as some may even consider it, only amusing. 
It may be this; and we are so far from objecting 
to any study being so lightened up that we would, 
on the contrary, advise all young students to use 
such “legitimate means" as judicious amusement 
affords to lighten and instruct them in its necessarily 
dry details. But if what we have said be amusing to 
some, it is something, and designed to be something, 
much more then this. The pupil will have read to 
little purpose in the direction in which we have 
designed to lead him if he has not perceived the 
practical aim of what we have given, or has fsiled 
to gather from it much information of a thoroughly 
useful character. Whether the conjectures we have 
given in preceding paragraphs, and are about to 
give in those to follow, be more or less accurate, 
or altogether fanciful, they actually embody some 
of the most important principles of the art of car- 
pentry, the fuller exposition of which will be found 
in succeeding illustrations and descriptions. And if 
our conjectures as to the details of progress, or what 
was likely tb be in early practice, appear to him 
to be feeble, or to possess no force at all, we should 
recommend him to endeiivour in somewhat similar 
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jnanner to our own to oonoeive for himnolf such steps 
as woul(} ptobabty be taken by the first workers in 
timber. This will possess more than the mere advan- 
tage— though that in itself is worth something— of 
ministering to the intelleotual training which the habit 
of tfamking out for himself the different points of the 
art is calculated to give ; it will moreover aid him 
greatly in his estimation of the principles upon which 
that art is founded. 

We have said that we have not as yet considered 
dosely the subject of “ framing,” purely so called, and 
the meaning of which we^ have but just generally 
de^bed. In much the same conjectural way we 
have followed, or attempted to follow, the progress 
of the art in two of its departments, we shall now 
attempt to follow it in this the most important of 
those. And here we shall be, if not disappointed, 
much mistaken if the pupil does not derive some 
practically useful information as to the leading prih-* 
oiples upon which all framing is constituted. 

Ozadnal Dmlopmsnt of the Art of Dsiigning tad Oonitmot- 
ing Framing or Framework by the Early Oarponteri.— 
Simpleit Slementi of Framing. 

The knowledge of those principles would naturally 
be a matter of slow development; and the first or 
tentative attempts to erect structures of timber 
possessing the greatest strength to resist opposing 
pressures or sustain heavy weights, would gradually 
lead up to a study of the reason why certain arrange* 
ments of pieces of timber gave greater strength to 
the structure than other arrangements. In this, as 
in other of the mechanical arts, the practice of certain 
contrivances would precede the principles, and these 
would only be deduced from the simple practice when 
men had further advanced in intellectual analysis 
and synthesis, or in what is called scientific reasoning; 
and still higher developments in practice would lead 
out fiom still deeper study into the application of the 
first or elementaiy principle which pi'actioe would 
display. This practice would, in one sense, be forced 
upon the early workers in timber from the mere 
necessities of their positiion* They would feel that their 
growing wants and the claims of a higher civilisation 
demanded, if not more and more elaborate, certainly 
stronger and still stronger structures. Nor would these 
wants and claims be altogether of the class which some 
think alone constitute true civilisation. Man has 
been defined as a fighting and a quarrelsome animal, 
sharing in this way with the brutes a capability of 
infiioting suffering and loss upon his neighbours. And 
as ill weeds are taid to grow apace, we may very 
reasonably conclude that warfare, in one or other of 
its many more or less but always too decided forms, 
afforded a miich earlier impulse for the timber worker 
to give strong structures for defence, or strong appli- 
ances for ofihnoe, than any necessity arising from the 


pursuit of greater and more humanising influences. 
The mechanical ^ts have, as a rule, showed many of 
their best and earliest developments in connection with 
what is called the art of war, Hexlce trenchant sword- 
blades were common long before domestic .knives or 
scythes for the grass-mower were met with, and spears 
received more of the attention of the artificer in 
metals than did pruning hooks, AnSi as the best 
materials and the finest workmanship were given by 
the metal artificer to the implements of warfare, so 
was it, we may reasonably conclude, with the worker 
in timber. He would for a long time be much more 
frequently called upon to design and construct a strong 
structure for defence in war than he would be asked 
to rear a strong yet comfortable house for time of 
peace. 

We may reasonably conjecture that the first element 



of a piece of pure framework was obtained in the 
way illustrated B.t ah od, fig. 22. We may suppose 
the post a .6 to be one fixed by boing made to pene- 
trate the soil or ground, that pax-t of the post or 
stake being pointed, as shown by the dotted lines. It 
was desired that the post so far firmly fixed by its 
hold or grip of the soil should be capable of resisting 
any attempt to make it swerve from one side to the 
other. We may suppose that whatever pressure was 
likely to cause this elevation from the vertical would 
come from the side and be represented by the arrow s. 
A very slight knowledge of the way in which a pres- 
sure wag put upon a post so plao^, and of that in 
which it would be best resisted or neutralised, would 
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give the suggestion of propping it up — ^to use the 
popular phrase— bj putting a pieoe^ edfin the position 
shown in fig. 22, one end pressing agamst the post, 
as at 0 , the other pressing on or penetrating into the 
soil at d» The simplest way of securing and keeping 
up the connection of the end e with the face of the 
post, a b, would be to notch the post, as at /, slightly 
tapering off the end c of the prop o (f , as shown at g. 

This arrangement would dispose of any force in 
the direction of the arrow e ** pressing ** on one side of 
the post, or ** pulling on it in the direction of the 
arrow A from the opposite side. To oppose a pressure 
on a post, i J, fig. 22, ** pushing ’’ in one direction, as 
shown by the arrow /b, and another ** pulling ” or hauling 
in the opposite direction, as indicated by the arrow I, 
a repetition of the contrivance adopted at o on the 
opposite side of the post would so far meet the case, 
It is, of course, obvious that much of the capability 
to resist any of the pressures here named would 
depend upon tlie strength of the prop m or n. If 
weak it would bend, and possibly break. The early 
workers in timber, however, would be careful to use 
timber strong enough, and this we know they did from 
the examples of carpentry which have come down to 
our time in old buildings. But strength alone would 
not secure the prop doing its work, or rather perform- 
ing its office properly. We have alluded in preceding 
paragraphs to the value of the principle of pene- 
tration,” and the importance ef ** bearing surfaces.'* 
But while valuable in one direction, penetration is a 
source of loss in another. While it is obvious that 
the end d of the prop c d, fig. 22, would have a good 
poution or anchorage given to it by being inserted in 
the soil, it is equally clear that under pressure put 
upon the prop by any force ** pressing” in the direction 
of the arrow at e, or “ pulling ” in that of the arrow A, 
it would have a tendency to penetrate deeper into 
the soil. And the further the point I sank then, the 
more the point c would yield, and the greater would 
be the swerving of the post a b from the vertical or its 
strongest position. 

Ttolmissl or PraeUosl Foots loaraod from tho Forogolng 
lUuitratlott. 

We have alluded to bearing surfaces,” — and as to 
their value the early workers would learn somewhat 
from their experience in canying out such a contri- 
vance as that illustrated in fig* 22, at a 6 o d. It 
would show that mere strength would not enable a 
member, such as a prop, to fulfil the duty expected 
of it. Neither would the accuracy of its position in 
relation to its connected members* They would soon 
find that something more than those two otherwise 
essentials would be required. They would find this 
to lie in the having a g^ point of resistance, and in 
this th^ would see also the value of the beering 


surfaces we have alluded to. Still following out the 
oonjeotural style of inquiry we have hitherto adopted, 
and which, as we have endeavour^ to show, is likely 
to give the pupil many practical suggestions, we may 
conceive the following to have been the experience of 
an early timber worker* In erecting the arrangement 
or assemblage of timber illustrated in a 5 o d, fig. 22, 
he found that on first inserting the prop o d it appeared 
to strengthen or support the vertical position of the 
post a 6. But as the pressure was brought to besr 
upon this which we have supposed to be exerted in 
the direction of the arrow e, he found that somehow 
the post continued to lean towards the arrow /t, and 
on examination he would find that this happened 
precisely as the end d of the prop o d sank deeper 
and deeper in the soil under the pressure communicated 
to its upper end c, where it was connected to the prop. 
The pressure on the post still continuing, he would 
at one point see that it was now able to resist it, 
and that it remained steady with no inclination to 
move in the direction of arrow A. Curiosity rightly 
directed is a valuable characteristic in man, and 
is one of those faculties with which he is endowed, 
which, when it is judiciously exerted, has enabled him 
in times past and still enables him to push inquiry 
till valuable disooveries are often made; and always 
at the least, at all events, to obtain much valuable 
information. Against a vain and idle curiosity we 
need give here no word of warning, as we trust it is 
unnecessary in the case of our readers. This feeling 
of curiosity we conceive as prompting the early worker 
in timber, in the oircumstanoes named above, to try 
to ascertain how it was that the pressure tending to 
bend or force aside the post a 6, fig. 22, was at last 
arrested. To gratify his curiosity, then, we suppose 
him to have scraped or dug away the soil surrounding 
the end d of the prop, in order to lay its extremity 
bare. In doing so he found that its extreme end was 
pressing against a stone, with which it had accidentally 
come in contact. Correct curiosity leads generally to 
inquiry, and inquiry to conjecture, and this is put to 
the test of practice ; he therefore put more pressure 
u{K>n the post, and found that this caused pressure on 
the stone. Further investigation led him to discover 
that this pressure caused the stone itself to “ give ” 
or yield,” and to rink into the soil more or lees 
easily; and this not in a direct line, but more at 
one corner than another* This he found arose from 
its shape ; and at last a gleaming of the fact came 
into his mind — ^that the larger the surface or the 
flatter the stone the better is it able to resist the 
pressure. Further, that the position of the point of 
the prop 0 d itself in relation to the stone surface 
on which it presses affects favourably or otherwise the 
capability of the stone to resist the pressure of the 
prop. 
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DBinrAas of Lakds ob Soilb eiTiriALa fob the Gbofb 

xm Live Stock of the Fasheb.— Ite Histoe/, 

PBimFLEB, AXD FBAOTIOB. 

CHAPTER L 

iBtrodBOtory, 

Froh ita being tbe source not only of the neoesBiiriefl, 
but also of the comforts and luxuries of life, agricul- 
ture would undoubtedly be the earliest as well as the 
most important employment of man in his civilised 
state 5 and draining, as will be presently shown, being 
the basis of every improvement in the cultivation of 
the soil, it, in some form of the art, would probably 
be practised at a very early period of the practice of 
agriculture, even when such was characterised by its 
simplest or primary features. The reasonableness of 
such a supposition is supported by the account con- 
tained in the somred writings of the irrigation of the 
deltas of the Nile by the waters of that river in the 
time of the Pharaohs of Egypt, with the object of 
the increased fertility of the soil, with which operation 
that of efficient draining would of necessity be com- 
bined. !niat the Romans, that wonderful race, who 
were so practical in all they concerned themselves 
with, had systems of drainage for their cultivated 
land, is abundantly evidenced from their writers. 
Some of these have, indeed, given descriptions which 
in detail are wondei'fully minute, considering the cir- 
cumstances under which they wrote. As they carried 
their systems of polity wherever they made a conquest 
and established a colony, our country, amongst other 
benefits which it received from the Romans, received 
at least the germs of a system of land drainage, upon 
which, through the successive improvements of ages, 
our modem system is based. Tlius we have in early 
records evidence that the Anglo-Saxon colonies which 
peopled ceitain districts of England, after the final 
departure of the Romans, kept up, to some extent, 
the system of drainage on the cultivated lands which 
they had left behind them. And there is every 
reason to believe that after the establishment of 
Christianity in this country the monks took care to 
keep up the practice of land drainage which they had 
found established, if not to improve somewhat upon 
it. We shall in future paragraphs, and by the aid of 
diagrams, show the way in which, in all probability, 
the moddm system of drainage was gradually intro- 
duced amongst us. 

Whilst the only vehicle by which nourishment can 
be conveyed from the soil to the plant , is a liquid one, 
and this derived primarily from the rain and snowfall, 
and from dews depofdted on the surface of the soil, yet 
when the water is in redundance and stagnant in it, 
it is unfavourable to vigorous and healthy growth, 
and to the maturation of the fruits of vejretables of 


almost any economic value. The exhalations from 
the vaporisation of water from wet grounds, moreover, 
render the surrounding atmosphere unhealthy, and 
engender disease in cultivated crops, as well as in 
mankind, and amongst the domesticated animals, 
which live on the produce of the soil. These evils 
can be obviated by providing for the escape of redun- 
dant water from the soil by thorough underground 
drainage, instead of allowing such water to be conveyed 
from the soil by evaporation. The grazing on wet 
pastures is, of all others, a most active source of veiy 
malignant and fatal diseases in cattle, aiid is the 
certain destruction of sheep. In brief, wetness of the 
soil is a complete hindiiuioe to every tillage operation ; 
and unless the soil is free from perceptible wetness, 
manures of any kind — either mineral or putrescent, 
or whether the same act ohemioally or mechanically 
— have little or no effect in recruiting exhausted or 
in supplying increased fertility. Increased depth of 
stirring wet, retentive soils, without providing means 
for the passing off of the water by ducts below, so far 
from producing increased fertility, only increases the 
sterility of such soils, by furnishing a more extensive 
reservoir for redundant and stagnant moisture below 
the surface; and, as we shall see presently, the 
reduction of their temperature — and a normally low 
temperature— is always an accompaniment, if it be not 
one of the most potent causes, of decreased fertility. 

Object of Drainsge. 

The object of efficient draining is not to deprive the 
staple or even the subsoil of that degree of healthy 
moisture necessary to the nourishment of vegetables ; 
but rather, by a subterranean outlet, to free the sub- 
soil from injurious wetness — entering, it is true, by the 
insterstices between the particles of the surface soil, 
but retained in redundant quantity by reason of want 
of porosity in a subsoil more or less dense. Such is 
the moat common cause of undue wetness of the staple 
soil, and which is mostly to be witnessed in ground 
having a contour of surface favourable for drainage. 
Another cause of undue wetness of surface soil arises, 
however, from moisture rising from below, by absorp- 
tion through the subsoil from a very pervious stratum 
of sand or gravel, at a still greater depth, charged 
with water received at a higher elevation than the 
surface above such wet bed. Such causes of wetness 
are to be found both on declivities and on flat, low- 
lying grounds : when the former-mentioned situation 
is the case, the wetness is to be detected in outbursts 
of weeping springs, easily to be dealt with ; but, in 
the latter case, a uniform unhealthy dampness of sur- 
face is the result, only to be got rid of by draining 
--frequently at much labour, difficulty, and expense. 
From the foregoing remarks it may be perceived 
that the object of field draining is not to remove 
water immediately from the surface, but rather to 



152 


TffS LINJ> J>RAISBn. 


• encourage its peroobtion through the surface soil, to 
be conducted bj passages or drains from the subsoil. 
But while this is what may be called the main or pri* 
mary work of land drainage, it is imperatively necessary, 
as we take it, that the reader new to the subject 
should bear strictly in mind that this work brings 
with it an advantage of the highest practical im- 
portance. And this is the facilitating of the action 
of the atmospheiic influenoes upon the mass of soil 
under the surface and within the range of action of 
the drainage system adopted. That these atmo- 
spheric influences are of the highest cultural value, 
requires for the present simply to be stated) some 
proof of it will he given in the paragraph succeeding 
this, and fuller details will be found by the reader 
desirous to understand thoroughly their bearing on 
the present subject of land drainage in the series of 
of papers in the present work entitled ^^The Farmer 
.as a Technical Workman." So powerfully advan- 
Ktageous are the atmospheric influences — here only 
alluded to — in a cultural sense, that some authorities 
(and we confess that we ai*e inclined to go to a great 
extent with them) hold that the chief advantage of 
drainage is that it puts the under-surface soil into 
that condition which permits of the action of those 
influences. Giving, however, ho undue prominence 
either to the one or to the other of these two objects 
of land drainage, it may safely be defined as a method 
of treating the cultivable or cultivated depths of 
soil in such a way that all excessive supplies and 
stagnant accumulations of water may be removed 
from, and the benefit of the atmospheric influences 
conveyed to it. This definition, while we believe it to 
be strictly accurate, is wide enough to embrace every 
point which baa relation to the subject, 

Ofop Praiaage^Fopular and Fallaoioui IdSai rssptoting it— 
Aeration of tho Soil an Siiential Fart of its Fnnotions, 

The ideas prevalent to a large extent, even amongst 
the classes who live by farming, on the subject of 
deep drainage shows how much there is yet to be 
learned respecting it. And if this b6 the case with 
many of that class so obviously deeply intei^ested in 
correct knowledge of a subject avowedly of immense 
importance to them, it can scarcely be expected that 
those classes who do the actual, or what may be 
jalleil the hilwurers^ or artificers' work of drainage, will 
be better informed about it. Apart from its import- 
^ce agidculturally, there are so many points of 
interest attached to the subject as a me|« technical 
trade that we shall do the reader a service if we 
take up a little of his time in drawing attention to 
lie leading points, The generally held opinion, even 
amongst many farmers, respecting drainage, or rather 
the work which it has to do, is that it has only to 
withdraw or carry off the water from the soil. Now, 
while this is true so far as it goes, it has Other and 


very important offices to perform. It is only recently 
that the beneficial effect of the atmospheric influences, 
as they are termed, alluded to in the preceding 
paragraph, upon such soils as may be laid open to 
or are expos^ to them, has been fully recognised. 
We have not space to enter into this vety interesting 
subject : suffice it to say that so powerfully do th^ 
operate upon the soil, that some go the length of assert- 
ing they bring it into a condition much b^ter fitted to 
receive the s^s of our cultivated plants than can be 
effected even by the most elaborate system of mechanical 
' cultivation or working, While this may be taken m 
an exaggerated view of the point, still it tends to convey 
some idea of the important part the atmosphere does 
play in fitting the soil to bear crops, and in maintaining 
their growth till they reach maturity. The importance 
of the atmosphere as an agent, both indirectly and 
directly, in the fertilisation of the soil, cannot be, and 
is not, denied by those acquainted with what may be 
called the principles of cultivation. The more direct and 
detailed consideration of the subject will, as we have said, 
more fittingly occupy a special place in the chapters 
taking up “ The Farmer as a Technical Worker," We 
shall here oonoem ourselves only with the way in which 
the air is enabled to act as an indirect'— or as we may 
call it a mechcmio(d — agent in fertilising soil or bringing 
it into a condition fitted to give out its maximum of 
fertility, and this through the agency of drainage. 
What drainage now practically is, and by what steps 
it was gradually introduced as an important, indeed 
essential factor in the solution of the problem of how 
best to cultivate land to bear crops and maintain live 
stock or the domestic animals on their produce, will 
be described further on. 

General and Brief Statement ai to how Drainage of the Boil 
ii Bffeoted. 

Meanwhile it is only necessary to state that the 
drains so called are made up of a series of hollow 
tubes of earthenware deposited end to end at the 
bottom of trenches out in the soil at greater or less 
distance on or over, and at varying depths under, the 
surface of the soil. The tubes are laid end to end 
so as to form a continuous tube or channel along 
which water can pass, and on such an incline or slope 
that, entering at any part of its length, it flows natu- 
rally but slowly and gradually from the upper or higher 
parts to the lower and ultimately to the lowest point, 
where it is delivered either to a larger tube or to the 
ditch or watercourse forming the ultimate point of 
ddivery. And although laid end to end and forming 
continuous tubes or water channels, the various joints 
— one joint being formed at the junction or juxta- 
position of two contiguous tubes— are not cemented 
to form what are true or impervious joint^ but are left 
free, so that each junction point, where the end of one 
tube butts or lies against the end of the tube next 
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contiguous, forma an open space or ring through 
which any water passing from the aiurounding soil is 
free to pass through it and enter the tube, which, 
being on the slope or lying upon an inclined bed, is 
carried away to the lowest point of final delivery. 
It is scarcely neoeaaary to say that after the drain 
tubes are laid along the beds of the various trenches 
out in the soil, those trenches are filled up and the 
surface of the land left free for the various operations 
of culture. The drain tubes are thus imbedded in 
and surrounded on all sides by the soil. 

The Keohaaioal or Fbyiloal Oondiiion of a Draintd Field. 

We have thus in each drained field a series of hollow 
chambers, all of which, although in one sense air- 
tight — that is, considered as a whole — are left free 
for the passage of air through from end to end, and 
each joint of which acts both as an air and a water 
passage. And when we further point out that a field 
may l^ve not merely a series of drain tubes' or air and 
water chambers, or rather conduits or passages, placed 
at distances parallel to one another, but tubes acting 
as cross drains and as subsidiary and main drains, the 
actual details of which will hereafter be fully ex- 
plained in the present series of chapters, the reader 
will perceive how the under soil may be out up, so to 
say, into a series of compartments by drain tubes, the 
several joints of which form in the aggregate a 
numerous collection of open spaces for the passage of 
such air and water as may reach them. And as all 
these open into tubes, and all the tubes ultimately 
and finally terminate at points open to the external 
atmosphere, he will perceive that there are at least 
the means by which largo volumes of air may be 
carried into the very heart, so to say, of the soil. We 
do not here enter into a minute detail of the way in 
which air is supplied or carried to those tubes by the 
action of drainage : this will be done in a succeeding 
chapter, Suf&oe it now to say that the water shed 
on the surface of the soil by rain, by melted snow or 
ice, or by deposited dew, as it percolates through its 
. particles, and descending from the surface, passes to 
the lower strata, where it is arrested, so to say, by the 
drain-tube passages or joints, passing through them to 
the inteiior of the tub^, carries down with it certain 
volumes of contained air ,* and not only so, but in a 
way which will be hereafter explained, drags down 
mecbanically with it certain other or extra volumes 
of air. If, then, air be beneficial to soils— and how 
highly it is so, and in what way, the reader will find 
fully detailed in its proper place in the papers entitled 
“The Farmer as a Technical Worker” — it is obvious 
that drainage does act in another way than merely 
by getting rid of by carrying it away all superfluous 
moisture or rather wetness or excess of water present 
in it. One of the advantages of this aeration of the 
soil may here be noticed — and that is, incressing its 


temperature, which increase has a marked influence 
upon its fertilising capabilities. 

Bmp or Thoroagh Bralnage ralios tho Toxaporataro of the 
Soil.— Fraotiotl Points ooanootod with this Valnablo Peatnro 
of tho Bystom. 

By thorough draining the temperatui^ of the soil 
is raised 1;} to 3 degrees of Fahrenheit’s thermometer ; 
such variation in the incumse of temperature of the 
soil being due to its nature-— the lees retentive of 
wetness, or more open, the warmer it becomes. It 
should be remembered that an increase of a degree of 
temperature represents *9 of a degree of lower latitude, 
and that a decrease of a degree of temperature is 
equivalent to an elevation of 280 feet ; that one cuhio 
foot of water in the process of evaporation deprives 
Hitee mUUoThs of mhic f^ti of air of one degree of 
temperature; and that an undrained field growing 
rushes has a permanent temperature of from 4 to 
degrees lower than an adjoining field — drained — 
growing wheat, 

When speaking of redundant wetness in soils, the 
supersaturation of soils by water is intended to be 
understood, Different earths require a different 
quantity of water for their saturation. When the 
Watering soil exceeds the quantity it will hold, it 
will be perceptibly wet ; and the excess of water will 
leave the soil if there be means tor its escape. This 
is the condition of soil under supersaturation of water, 
or redundant wetness. 

Diffaring Oapsoiiiei of lolls tor Absorbing tad Estsiaing 
Wator, 

The mineral earths have not the same power of 
either absorbing or retaining water. Of these the 
most readily absorbent of water are the least retentive 
of it. Soils, however, containing much vegetable and 
animal matter are both more readily absorbent and 
retentive of water than almost any of the mineral 
earths ; and peat soils, which consist almost entirely 
of vegetable matter, absorb water much more readily, 
in much greater quantity, and possess a much greater 
power of retaining it, than any other, 

According to the experiments of M. Schublor, the 
amount of water contained in one cubic foot of the 
undermentioned earths when saturated is shown by 
the weight prefixed to each ; — 

Oaloareoan sand . . 81*8 lb. Garden mould . . 48*4 lb, 

Bilioeons sand . , 27‘.3 „ Arable soil , . . 40*8 „ 

8andy clay . . . 88*8 „ Fine slaty marl . , 85*6 „ 

Loamy clay . . . 41*4 „ Gypsum powder . . 27*4 „ 

Stiff clay or brick Fine carbonate of 

earth , . . . , 45*4 „ lime 47*4 „ 

Pure grey clay . , 48*3 „ Fine carbonate of 
Pipe Olay .... 47-7 „ magnesia , , , 62*6 

Value of Drainage In rospeot to Droughts. 
Bain-water rapidly absorbs heat, but it can only 
convey it downwards with itself ; and in its passage 
to the drains it imparts to the soil the heat it has 
received from the solar rays and from the heated 
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fiiirfac9 of the earth. But if| on the other handf rain- 
water cannot descend, cither by reason of natural 
non-porosity of subsoil, or from the absence of 
artificial drainage, it will stagnate at the surface and 
be projected as vapour into the atmosphere, by which 
the soil will be deprived of the amount of heat 
required to produce the evaporation. However, of 
all other effects of drainage on the physical condition 
of soils, the most remarkable, and at the same time 
the most important, is that of counteracting the 
effect of drought, and which will here be described 
in the words of Mr. Josiah Farkes, the most eminent 
drainage engineer of the ago, and the most reliable 
authority on all that relates to both the theory and 
practice of land draining. The description in question 
is from a paper in vol. v., part 1, of the first series 
of the Journal qf ths Royal Agricvlturdl Society qf 
England. 

“ If a soil be sufiioiently permeable to air, and not 
saturated with water, it is in a state to receive 
accessions of moisture from the atmosphere, which is 
a constant and inexhaustible vehicle of humidity; 
and if the temperature of a sufficiently porous subsoil 
be at or below the dew point, as will frequently 
be the case during some portion of the day in the 
summer season, the process of depositing dew will 
take place in the interior parts of the soil daring the 
day at the same time that the exterior, or surface of 
the ground, may be projecting both heat and moisture 
into the atmosphere. This process is evidently de- 
pendent on the relative temperatures and degrees of 
aqueous repletion of the air and subsoil at a given 
time ; and independent of the hygrometrio power of 
the latter — which is, however, a potent auxiliary to 
the acquisition and retention of atmospheric moisture 
by soil, particularly in its interior parts. Thus, it is 
apparent that the acquisition of moisture by soils, in 
the form of dew, is not limited to the period of night 
only, nor to the surface of the earth ; and it has been 
shown that the precipitation of dew cannot take 
place without the communication of heat to the 
recipient substance ; hence the importance of sufficient 
pulverisation to permit access and change of air to 
the interior parts of the soil. One of the most 
beneficial effects of drainage may be also safely 
presumed to arise from its facilitating the access and 
change of air to the very bottom of the bed ; as in 
proportion to the escape of water, so will be the 
entrance of the air, which will, pari pamt, occupy the 
place vacated by the water. 

<< Every observant farmer must have remarked that 
the amount of dew precipitated during the same night 
varies greatly on different soils in fallow, and still 
more on the leaves of different plants. Well pulver- 
iiied soils attract much more dew than those which are 


close and compact, as the mdiation of heat is effected 
from many more points in highly comminuted than 
plane surfaces. Sands appear to be powerful at- 
tractors, and in some countries to depend altogether 
on the nightly deposition of moisture for the support 
of vegetation. An extreme example of the derivation 
of the aqueous element from dew alone, and of its 
highly fertilising qualities, is afforded by the fact that 
on the sandy plains of Ohili rain is scarcely ever 
known to fall, yet that soil, which under other cir- 
cumstances would be sterile, is maintained in a pro- 
ductive state by the active forces of radiation and 
absorption. The temperature of the soil is moderated 
during the period of the sun’s action by the large 
amount of heat carried off combined with vapour; 
whilst the exhausted humidity is replaced by dew 
deposited during the resplendent nights of the tropical 
region. Instances are also on record of the fiourishing 
growth of trees in Africa on sandy districts, never 
refreshed by rain or springs, nor by artificial supplies 
of water ; whilst soils of another nature, in the same 
latitude, and not far distant, require irrigation to 
enable them to sustain vegetable life. 

In Britain we have, generally speaking, to combat 
excess of moisture, accompanied by a low and incon- 
stant solar heat, . , , By establislung a free passage 
for water through the soil, the greater heat of the 
surface may be carried downwards, and the mean 
annual temperature of the mass of the soil thereby 
permanently raised.^* 

Bslatlvs Power of Bolls to absorb Water.—Botentive Soils. 

On the subject of the power of soils to absorb 
moisture from the air, the following results of experi- 
ments by M, Schubler may be quoted ; 

Sandy clay ... 26 tons per acre 

Loamy clay . • . SO „ 

Stifi clay ... 86 „ „ 

Garden mould ... 46 „ 

So that on efficiently drained land in a high state 
of condition and cultivation, crops will not suffer to 
any serious extent from the effects of drought ; and 
wherever the loss or extensive damage of crops has 
been the effect of drought, such has arisen from 
want of draining, or from poverty of condition, or 
imperfect cultivation, of the soil. 

The benefit of draining is not alone confined to wet 
and retentive soils, but it may extend also to those of an 
opposite character. Soils which are not sufficiently 
re^ntive of water to furnish the moisture necessary for 
the growth of plants— such as dean gravels and sharp 
sands— may frequently be much improved by draining. 
The manner in which draining tends to improve these 
unretentive soils will be briefly explained in next 
. chapter. 
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TEE STEEL XAXEB. 

The Details of his WoitH*-THB PBiKaPLBs of its 

FB0CBa8B&-THB QUALITIES AND OHABACTBlilSTlOS OF 

ITS PBODUOTS. 

OHAPTEE I. 

InttoduetorF. 

To have written even an extended or detailed notice 
of the steel maker’s art and work some half a century 
ago, or even a much less period than that, would 
have been a comparatively easy task. It would 
at all events have been somew^t difficult, unless 
the minutest details of practice and such theory or 
theories as were at the time available had been given, 
to have made the paper a very long one. Now, 
however, such a paper, if the subject is to be done 
justice to, has to deal with such a variety of topi^, 
to notice such a number of new processes, and to 
glance at such varied theories as propose to account 
for the different phenomena displayed by the different 
styles of manufacture, that the difficulty is to select 
from the vast mass of materials which the work, 
especially of the two last decades, has placed at the 
command of those interested in the subject. When 
there is so much that is good, it is no easy matter, 
under the claims of a limited space, so to select from 
this that nothing is passed over which should be 
at least noticed, if not fully described. This new 
phase of the trade of the steel maker, or new era 
in its history, has had its origin in the introduction, 
within the last twenty or five-and-twenty years at 
the outside, of methods of producing from iron new 
metals which in modern or popular phrase are called 
steels, but which, as we shall presently see, are in 
the opinion of not a few scarcely entitled to range 
in scientific nomenclature with the metal which for 
long centuries was known all the world over as ** steel,” 
and which possessed peculiarities not belonging to the 
modem steels, so called, or if those possess them they 
do BO only in a limited and more or less modified 
degree. 

Whether those new metals, in the discovery of the 
working of which some of the most brilliant successes 
of modern science have been secured, are or are not 
entitled to come within the range of the precise 
definition which decides what the old form of steel as 
a metal used in the art was, is a disputed point. But 
the fact, at all events, remains, that, known by one 
name or another, they are produced in enormous 
bulks or weights, and are used, or are capable of being 
used, for a wide variety of purposes in construction 
of all kinds, to such an extent as the most sanguine 
connected with the old and, as many will still doubt* 
less call it, the legitimate trade of steel making, would 
never have dreamed of. In the old — which come up, 
indeed, to what may quite truly be designated very 
recent — ^times the steel maker addressed himself to an 


audience which was exceedingly limited compared with 
that of which the makers of the modem steels ro 
largely gain the ear. The dimtiU or customers of 
the i^ers of the old or only form of steel then 
known snd available for practical purposes were the 
limited class requiring steel for the manufacture of 
tools and implements possessed of cutting edges; any 
extended use for it beyond this was not even dreamed 
of. And although recently the old steel or method 
of making it has been adopted for objects larger in 
bulk and for purposes quite beyond the ideas of the 
old members of the trade, this new outlet owes its 
origin to, or was the fruit of, the impulse given by 
the methods of making the new metals, or steels as 
they have been called, and which methods are capable 
of turning out articles practically unlimited in bulk 
or weight. 

The Belation of the Xodem Steel lUker to tho Enginoer and 
Xaohlniit ailng tho Vow Forme of Steel made by reoently 
introdaeed Frooeiiei. 

The modern steel maker — taking him, for the pur- 
poses of our paper, as one engaged or interested in the 
making of the new as well as the pld forms of it — 
addresses in this state of matters a very wide class, mode 
up of the great number of engineers and mechanics 
who are engaged in the designing and erecting of all 
those new kinds of atnictures, and the wide range of 
machines demanded by the growing wants of a great, 
a numerous, and a wealthy people. They are thus 
brought face to face, in the closest and most practical 
of business relations, with that large class of which 
the various members may be said to como under one 
common designation — namely, mechanituil. It i«, 
therefore, a matter of no small moment for those who 
make what is now in reality a wide variety of steels 
to have a good understanding with tlio users of it, who 
can thus throw in their way, what all engaged in trade 
of any kind like well to receive, “ large orders,” And 
before proceeding with the details of their manu- 
facture, it will be well to glance at the position of the 
trade, who make, to the mechai^oal callings or pro- 
fessions who use, these different steels, The inquiry 
will carry with it its own points of practical interest 
to both, while it will also serve as a useful introduction 
to the details of the actual processes of the stool 
maker. 

So much has of late years been written on tbe 
subject of the new processes of steel making, and 
so frequently lias attention been (villed to their in- 
fluence in revolutionising, as the phrase has been so 
often used — the trade, and in introducing altogether 
a new era in metal production, that few of the readers 
even of the ordinary daily journals, can now, at tliis 
date, be supposed to be ignorant of the fact that 
something very important has been done in one of 
the largest industries of the many which have added 
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no much to our nationBl wealth and influenoe. As a 
matter of oourset the readers of those jourrials more or 
less exclusively devoted to practical science, even when 
they have been of the most careless and unobservant, 
must for the last decade or two have been more 
accurately and more extensively made aoquajbted not 
only with the fact that great innovations had be^ 
made in the iron and steel manufacture, but must 
have had some conception given to them of what the 
principles were upon which they were based. Even 
with such careless readers the names of ** Bejsemer ** 
and of '^Siemens*' must have been as familiar as 
household words,*’ and general statements of the 
enormously increased production of one of the new 
products— steel — must have been accepted as what 
may be in like manner called household facts. 

The Largf Frodnotloa of the Modem Form of Bteel--ie eallod 
—a atrildiig Feature of tho Trade ai compared with the 
Limited Froduetlon of tho Oldor Form of Trae^io-oalled 
— BtHl-^ Greatly Ixteuded Vie of Bteol liLOoiiitraotio& 
tho Boiult of this. 

Previous to the introduction of the new and revo- 
lutionising processes of steel making, the production, 
as we have already hinted at, of tlie metal so widely 
and universally known by this name, was limited to 
a weight very small indeed, compared with that of 
the works throughout the kingdom carrying out the 
Bessemer process, with their annual yield of thousands 
of tons, and those working on the Siemens-Martin 
process, with a less, but still a large production, of this 
commodity. But not only was the production of steel 
very limited before the date of the introduction of those 
new Tprooessea s its uses were equally so, being confined 
almost exclusively io the making of tools for mechani- 
cal work, and for the various cutting instruments used 
in arts and trades and for domestic purposes* So 
exclusively used, practically, that its nanw use gave 
rise to the universal definition which recognises steel as 
a meUl, and the only metal which could be tempered 
and then reduced to a cutting edge of the finest 
l^eenness, and hardened so that this fine edge could 
be made to endure even what miglit be called hard 
usage. In due course of time steel began, by the aid 
of the new processes, to be made in such enormoudy 
increased and daily increasing weights, that the tens 
of tons of the metal representing the production of 
the old, were replaced or supplemented by the 
hundreds of tons^if not a much higher rate— of the 
new methods. For the limited range of uses of the 
old steel, represented by objects light in weight and 
small in bulk, a range of utility was substituted to 
which there was apparently no limit, by which the 
heaviest and bulkiest articles of mechanical work could 
be made with the same relative ease as the lightest 
end smalleBt. From the making of knives and hand 
tools the constructive capabilities of steel were ex- 


tended to all objects, from the steel ** permanent way ** 
of our railroads to the heavy and bulky plates required 
for the building of ships, or the still more ponderous 
masses which sheathed the aides of our gigantic .war 
Vessels, or formed the crank and screw shafts of the 
powerful steam-engines which propelled them. When 
all this came about, and, indeed, long before the 
capabilities and uses of the new metal pi'oducts had 
been fully demonstrated and their value thoroughly 
established, the soul, so to say, of the praoticid 
mechanical world was stirred to its depths. At first 
the new processes were subjected to all the evil and 
retarding influences which deep preconceived preju- 
dices are unfortunately able to create and encourage. 
Their inventors, and those far-seeing-^at all events 
unprejudiced and naturally generousminded — men 
who supported and encouraged them, were subjected 
to all the keen invective, the cutting sarcasm, and not 
.seldom to the painful, because untrue, personally pain- 
ful innuendos and vague surmises, which are the one 
standing disgrace— let us be thankful it is only one 
— of the mechanical callings. But this pooh-poohing, 
and worse, of the new processes, to which all new 
processes are subjected, and which are the deeper and 
the more lasting the more they are likely to interfere 
with what are c^led vested or trade interests, availed 
nothing ; they continued to improve and to extend, till 
at last, having beyond all doubt and cavil established 
themselves as facts in the daily working of our metal 
manufactories, their results were universally accepted, 
and the new metals took their place as materials of 
great value in daily construction. 

Beme of the Views held by those engaged in Meehinioal 
Oonstrnotion relatlTe to the new Metals— the lo-oalled 
** Steels "—as niefbl in Work. 

But with this came juster and graver thoughts on the 
part of the mechanical world. The characteristics and 
capabilities of the new metals were more and more 
studied as their uses became more and more extended* 
But it was scarcely to be expected that the intro- 
duction of a metal which under the same name pos- 
sessed few of the peculiar oharactexistios, while it was 
available for so much wider a range of uses than the 
old steel, would be received without some doubt or 
cavil on the part of those engaged in mechanical work* 
Although not, of course, to the same extent as existed in 
the minds of those who only took a generally scientific, 
or popular interest in, but were not concern^ in 
the actual use of iron and steel for construction, still 
many of this latter class viewed the new metal with 
grave distrust. And this feeling extends amongst 
practical men over a much larger area than some of 
our readers may be disposed to think likely to be the 
case. Many, to the knowledge of the writer of these 
lines, to whom the new steels,** so called, would 
unquestionably be of great use in their extensive and 
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extended work, persistently refuse to aTsil themselves 
of their help. This doubt as to the real value of the 
new metals for constructive purposes does not arise 
wholly from any doubt as to what their characteristics 
and capabilities per h are ; but doubts are seriously 
and honestly entertained as to whether these are 
available for their particular class of construction — 
whether they can work them with their usual appliances 
— and last, but not of the least importance, whether 
these methods of working and those appliances would 
not bring about some bad features in the metals, if 
they are not, indeed, incapable of utilising its good 
qualities, which up to a certain point, and with certain 
reservations, they are quite willing to admit. Much of 
this arises from lack of a thorough knowledge of what 
the new metals really are, and of what they are capable ; 
and of dislike, perliaps scarcely justifiable from one 
point of view, to tzy them and see for themselves 
whether they could work them up with their methods 
and with their appliances, and in so testing them to 
discover whether some modi6cn.tion of them were 
required. On the other hand, such doubts, they may 
say,, are justifiable in view of all the circumstances. 
Well acquainted with what ordinary steel is, and of 
its high value for constructive purposes, if only it 
could be produced in the large weights and used with 
the same freedom as the makers of the new metals say 
they can be used, they simply hold that these new 
metals are not what they are called — steel — at all; 
they are in fact, so many say, only good wrought iron. 

Coatsntion of 6omo that tho New Matali are not ontitM to 
bo oiaiitd as Steelf.«Tnio Steels. 

While quite ready to admit that they may not 
only be good, but really the best wrought iron which 
could possibly be produced, they, however, say, Well, 
this may be true, but that is just the point we wish to 
have decided ; we have had great experience in the use 
of wrought iron which has hitherto been supplied to 
us, and that experience justifies our faith in it. We 
have tried it, others by thousands have also done so, 
therefore ifcs value is established. Prove to us that your 
new metals are as valuable and truetwor^y as this, and 
we should only be too j^lad to use them.*’ There is 
much, very much, in this; and while our readers will 
absolve us from any, even the slightest, desire to under* 
value any new thing simply because it is new, or runs 
counter to old-established notions or prejudices, and 
while eager to see progress made in aU departments 
of engineering and mechanism, justice demands that 
all attention should be paid to a statement so fair as 
the one we have thus put-^and which, in fact, is put 
forward by so many practical men, representing as 
they do a krge percentage of metal users and workers. 
They cannot be blamed for exerdsing caution, and 


keeping in view the old and profoundly wise precept 
of the Scriptures, which, applicable as it is to higher 
aims and nobler objects, is not precluded from use 
in secular matt6rs~^< Prove all things, hold fast to 
that which is good.” Nor can they be much blamed 
for thus being cautious and oareful, when they read, 
as they easily oan any day, the discussions at our 
sdentifio meetings, and the papers published by our 
practical journals, by practical men, who, while advo- 
cating the use of the new metals, and actually using 
them, and in many oases most extensively, never- 
theless draw attenkon to certain points which, if 
established, do go far to throw at the least doubts upon 
their altogether sound character, and as to whether 
as constructive materials they oan be used under all 
circumstanoes and for all classes of work. Only, on 
the other hand, let justice be done ; while many 
exercise such caution in the use of the new metals 
that they practically do not use them at all, and 
in excuse for this demand proofs of their value, they 
are bound, as members of a profession famed for its 
progress, to do all they can to prove the value they 
desire — as they say — to know. We should never 
know the value of a thing till some one tried it ; and 
the advocates of these new metals are quite justified 
in asking those who persist in standing aloof from 
their use, this question — “ What is it which gives you 
the right to ask proofs of their value from others, and 
to refrain from making any proofs of it yourselves) ” 
Of course, the reply is this ; “ New products are econo- 
mical objects ; let those who make and sell them do as 
other commercial men do, prave the value of their 
wares.” But the reply on the other side is much more 
potent and more diffioulb to be answered— specially 
when it is put forward, os it is so put generally by 
those who are not interested in the sale, but only 
in the true progress of the constructive arts and 
in the extendi use of the new metals — '*True ! but 
in refusing to use what has been, beyond a doubt, 
proved to be valuable, you are opposing your own 
true interests.” And this really is the practical point,' 
The value of these metals is proved; doubtless, 
faults exist, but faults exist equally in other metals ; 
and they have gained such a point in px-aciice that 
they cannot fall back — progress must continue. 

Seflnitiou of iht Term Steer*— PrMtioal Xmportonoe of 
Aeeurate Definitioni of Teohnioal Kateriali and Work. 

Much of all the doubt and unoertoirity existing in 
connection with the true value of the new metal— 
we have hitherto called them metals, as praotioUly 
they are produced by two distinct processes to be yet 
explained — arises from the unfortunate fact that in 
its introduction to the trade it was, and is still, 
designated aa steel.” 
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THE WQBXltAH AS A XEOHVieAL SXQDSVT* 

How TO Stttdt, kvi > What to Btudt. 

CHAPTER I. 
latrodttotory. 

Ih taking up the oonedderation of thia important 
subject, it may appear to some tliat it is scarcely 
necessary to glance even bzieily at the advantages 
which tochnioal education is likely tp bestow upon the 
workman desirous to make practical progress in his 
calling. No doubt, in a general way the great majoiify 
of thokse who are confessedly Indifferent in the matter 
will readily enough admit that education is a good 
thing. But there is a wide difference between this 
merely intellectual, or, as it were, enforced assent to 
the general principle, and that mental determination 
to secure by patient application all the advantages 
which that principle involves. It is not enough that 
one should be convinced that it is a good thing to 
perform a certain woik ; it is only when the work 
is (lone that the practical advantages which it brings 
with it are secured. We should have no hesitation in 
deciding that a man was — to put the matter mildly 
—veiy silly, who persisted in asserting that he was 
most anxious to go to a certain place at some 
distance from his home, if he never rose from his 
accustomed chair at the ffi'eside. His friends would 
assuredly conclude that if he really wished to go he 
would at least begin the journey. It is but a very 
commonplace truism to state that a wish is only 
valuable practically when it is realised; and- no wish 
can ever be attained without exertion of some kind 
or another. Good things — all fables and nursery 
tales, and shall we say the hopes or fancies of those 
who long ago left the nursery? notwithstanding — 
do not fall of themselves into one’s lap; if a man 
resolves to be rich or successful in his calling, he 
knows full well that he must exert himself, give no 
slothful sleep to his eyes, no rest to the continued 
labour of liis hands or the exercise of his brain. 
All this seems vexy familiar, very commonplace; 
but having some experience of the class or classes we 
have referred to, we ore but too well aware how readily 
very obvious and common-sense considerations are set 
aside as pfaotioally worthless, simply because they are 
familiar. And we should see fewer of those practical 
mistakes made which render some lives lamentable 
failures, if common-sense and familiar considerations 
were acted upon, not merdy assented to or believed 
in. Belief is worthless unless it gives life to work. 
It is to be hoped, therefore, that this all-too- wide doss 
who readily enough give assent to the value of educa- 
tion, but do no more than assent to it, will do some- 
thing more than tills, for it matters little how varied 
and complete may be the facilities for education if 


those be not availed of*. We have in view^ nowever^ 
another and an infinitely more hopeful class of readers^ 
with whom are associated pleasant thoughts of what 
practical or technical education will yet be when the 
idea of what it really is, and what it can do for 
them, is fairly and fully grasped by those engaged 
in carrying practically out the varied and valuable 
branches of industrial work which minister so largely 
to the material well-being of the community. For 
although the statement may to some appear some- 
what strange, if not startling, it is nevertheless the 
truth — that amongst those who are not only impressed 
with the fact that education is a good thing, but give 
to its acquirement much anxious care, if not great 
exertion, there are not a few who hold views which 
are only but too well calculated to dishearten them in 
their attempts to become soundly educated; if not, 
indeed, to tempt them to give up all such endeavours, 
simply because they do not seem to cany with them 
advantages of a practical character, positively useful 
to them in their daily work. We propose in due course 
briefly to glance at what those erroneous views are. 

What is leohnioal SduoatioaT 
But before presenting to our readers what we may 
have to say on these vitally important points, it will 
be necessary, as tending to clear the ground before us, 
that we may arrive all the more quickly and surely at 
the place we desire to reach, to glance at one question 
concerning which it may, perhaps, be matter of sur- 
prise to some readers that there is occasion to ask it 
at all, — and that is. What is technical education ? It 
is quite necessary that this question should be asked ; 
for, apart from the reason that it is only but common 
sense to know vjIulI it is one is talking about (not 
always thought of, this), it will save us from wasting 
time by talking about things n6t concerned with the 
main subject. For, as an eminent writer observes, 
while one is talking about apples it is but waste of 
time and of words to introduce the details connected 
with wheat. But as to our question, one would 
naturally incline to decide that surely what every one 
is talking about would certainly be known. There is, 
amongst the topics of the day which are purely social, 
scarcely one so much written and talked about as 
that of '^technical education.*’ Speeches are made, 
lectures more or less learned are delivered, essays 
published, all pointing to the fact or assertion — for 
there are some who do hold that it is not a fact — that 
unless we nationally carry out a thorough system of 
“ technical education,” that supremacy in the arts and 
manufactures we have so long enjoyed will pass from 
us. And last, if it be not least, a Royal Commission, 
composed of men presumed to know all about it, has 
been appointed to examine into and report upon the 
whole subject, to see whether the above-named asser- 
tion be ti'ue ; and if so, how best this same tecAmioal 
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education can be eeonredi and how carried out. Kot- 
withfitandmg all this, which one would naturally 
conclude to be pretty fair evidence that what was 
eo much talked about wae known^and although all 
were not agreed ae to how technical education could 
best be secured, one might have concluded that at 
least there would be no lack of agi^eement as to what 
technical education was — nevertheless we do find that 
on the very threshold of the whole discussion men 
have not seldom had to pause, arrested by the ques- 
tion, What is technical education 1 And we have as 
a matter of fact found not a few who were puzzled 
somewhat to give a definite answer to it. There 
are some, indeed, while not much, if at all, concerned 
in this question* who rush on to discuss what they 
assert to be all the points of it. As to the reason- 
ableness of which method one can only say that it 
does appear to be a matter of some moment that if 
we will talk about a subject we should know what 
that subject really is — if, indeed, a subject can be 
talked about which, not being defined, may be said in 
some measure not to exist at all. Certainly the wiser 
heads amongst us conclude that it will be reasonable, 
at all events, for us to know what technical education 
is, as tending to help us to decide as to the best way 
of securing it. 

The Difficulty of Dcflnlng prooiioly what toehsloal 
SduoaUou li. 

But those experienced men are by no means agreed 
as to what technical education is \ so that as a result 
of this uncertainty we have as yet no definition of 
the term which is accepted by all. Not much pros- 
pect of this desirable end being reached when we find 
one of our ablest men — as practical as he is soundly 
scientific — stating that ** he does not know exactly 
or precisely what a technical school is” ! If this un- 
certainty exists amongst many even experienced men, 
one would be very apt to conclude that there appears 
but small chance of deciding what w to be taught 
in such a place which duly professes to be a technical 
” school.” What we have said before we may put 
here in another way ; that before we can do a thing 
we must surely know first what it is we are desirous 
to do j but common-sense as this view is, it is matter 
of regret that it is not seldom forgotten in other 
affkirs of practical life besides technical education. 

liuguittlo Boot or Derivation of tbo Torm Toolmioal.”^lomo 
Praotioal Points flowing from this. 

We should not, however, advise the reader to 
concern himself very much with the niceties of a 
precise definition ; enough if he can hit upon some 
principle which will admit of so much of a practical 
explanation of what is to be done in acquiring 
education or information respecting his calling, in 
which he, if he be a wise and prudent man, should 
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be desirous to excel. Possibly what we have here to 
ofihr for his consideration may enable him to arrive at 
this practically satisfactory point., The first and most 
obvious thing to do, in endeavouring to ascertain what 

technical ” education is, is to see if the established 
meaning of the term afibrds in itself any clue to the 
decision of the special point. What, then, does the 
word technical ” mean ? It is based upon or derived 
from the Greek word Uefinihoi^ itself derived from 
an art ; and technical ” means anything per- 
taining to or employed in connection with any art. 
Prom this comes the science of technology,” in 
which is embodied the above word iechnt^ an art, and 
another word, logoff a speech or discourse — the two 
together meaning any explanation, written or spoken, 
of the terms or principles of any art. Here we see 
that another term or word is inseparably involved in 
this definition — forms, indeed, its very basis— and to 
which reference, therefore, must be made. Technology, 
we see, is — to put it in three words — an explana- 

tion of art.” And as the object of all explanation is 
to impart a knowledge of a subject, and as science is 
— as we shall more fully soo when we afterwords come 
to inquire into its root and its general significations — 
really the knowing of a thing, we arrive at this other 
brief definition of technology — that it is the science 
of art.” To those who remember the usual phrase, 
heard everywhere, “ the arts tmd sciences,” as if they 
two quite separate things — as indeed 
they are, as we shall in due time see — the above final 
definition of technology, which is absolutely correct, 
will give rise to some curious, if not suggestive 
thoughts. 

Xsaaiag of tlie Term Art— Leiion which it affordi in Bclstlon 
to Tcohniosl Sdaostios. 

This definition of technology, or the science of art,' 
may be still further shortened, so that it may be called, 
and strictly, “art” — that is, everything about it, 
Now, what is the meaning of “art”? It is derived 
from the Latin words are or a/rtia — these being de- 
rived themselves from the Latin root or, to plough. 
We shall have some remarks to make which may cany 
with them some exceedingly practical considerations 
relative to the connection with and the bearing 
upon technical education which this latter word — or 
rather, we should say, the lessons which this latter 
root <w, to “ plough ” or turn up and over the soil — 
is so well calculated to convey. Meanwhile we proceed 
to say that the meaning of those words ara, arfis, 
put into English may be expressed in various ways— 
all, however, conveying the same idea— namely, that 
“ art ” is the ^ability or power to do certain work or 
to perform certain actions or duties; the use or em- 
ployment of means or agencies for the doing of this 
work, the performance of those actions or duties. 

12 
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Tbb Gbnb&al Pbikoiples and the Details of bibWobk* 


CHAPTEB II. 

In the preceding chapter we explained the form of 
joint with ** quirked" moulding or bead, in which 
the boards joined are free to give and take without 
making open joints. These ornamental joints are 
used in superior work only. In some cases the flat 
side is relieved by making at the joint an angttlex 
groove ; this is done by taking pff the comer or angle 
of each adjoining edge. This taking off the sharp 
comer is called “ taking off the arris," the angle being 
the arris. The same operation is in other oases called 
« chamfering." (For what are called ** chamfers " and 



** stop-chamfers " see a succeeding chapter, and b' and 
o' in fig. 25.) In brick and stone work the same opera- 
tion is called “splaying" or “bevelling" — a comer 
being said to be “ splayed " or “ bevelled.” The boards 
sometimes have the “ arris " taken off at the comers 
of both sides or faces ; when a number thus treated 
are put together edge to edge they assume the form 
in fig. 6, the upper part of tlie diagram being in cross 




Fig. 7. 


section, the lower in elevation. A simpler form of 
the quirk bead (see the paper on ** Mouldings-^their 
Varieties— Modes of Describing and Decorating 
them ") joint for boards joined edge to edge is shown 
in fig. 7, in which the various parts corresponding in 
the different views are indicated by letters, plain and 
accented. 


leouinf Board! Joined Hdgo to Edge hj Lodgoi. 

Boards having their joining edges treated in the 
methods now described in figs. 1 to 7 inclusive, ai 0 
secured together as in the case of a door, braced or 
lodged, not panelled (see a succeeding chapter for 
descriptions and illustrations of the various forms of 
doors), in various ways. In fig. 8 we illustrate a 
method very generally adopted in the simpler form 
of doors, known as a “ ledged door." In this case 
the boards are laid edge to edge with plain joint, a* 
shown in the cross section at a a a, fig. 8, and in 



Fig. 8. 


elevation at a' a' a' a' ; and in number sufficient to 
make the surface of the breadth required. A flat, 
brood “ ledge,” “ batten,” or cross-piece, o o c, with the 
“ arris ” taken off, or chamfered, at each edge on the 
upper side, is nailed across the surface of the boards 
a' a' a', and secured by nails or screw -naOs ; the latter 
in good work. This batten is usuaUy placed at some 
short distance from the upper ends of the boards 
a' a' a', as shown, and another batten is placed at the 
bottom, end of the boards. The whole are shown 
together in side elevation at 6 6, c?; d being the 
ledge or batten, and b b the edge view of the boards. 
In the oiHMB section At a a, bb shows the upper edge 
view of the ledge c o e. 

Beouriag Boards by a Bovttalled Lodge or Oroii Batten. 

In place of the ledge or batten being nailed on 
or screwed to the surface of the boards, it may be 
secured as in fig. 9, In this method a “ dovetail 



Pig. 9. 

groove or mortise (see Dovetails further on), c o, is 
out in the face of boards d df bb Aown in face or 
front elevation at a' a\ The ledge," “ batten, ’ or 
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orofls-pieoe a a ik fonned with a dovetail tenon (see 
Mortice and Tenon in ^^The Carpenter h 6; thua 
filling up the dovetail mortise o o in piece d d. 

aeoulBg Joined Boardi together by memi of Oroii-pleoei or 
Belli with Surftwoi Flnah throughout. 

In joining boards edge to edge in order to form a 
largeti that is, broader or wider aurface, by the methods 
shown in figs. 8 and 9, the ** ledges” or “ battens** oo, 



Pig. 10. 

fig. 8, and a o, fig, 9, project from the surface of the 
boards. In superior work the surface of the united 


oentres of the batten a a and boards 6 6, o o. In 
superior work the boards h h themselves may be joined 
together by the method illustrated in fig, 2, and as at 
p p in fig. 10. 

Joined Boards soourod together with Oroit Bails and Yortieal 
Stylos. 

Another method of securing the boards together 
when placed edge to edge is illustrated in fig. 11. In 
this the boards, as a a, are enclosed within a speoiefi 
of framing with two side styles,” part of one of 
which is shown at h 6, and a cross-piece or rail ’• o c 
connecting these. The method of joining these two 
members will be described in a future chapter when 
we come to illustrate methods of joining pieces in 
different relations to esush other, as pieces at right 
angles, shown in this diagram. The boards a a may 
simply be jammed tightly up against each other by 
the side styles hh\ or better and more secure work 
will be obtained by ploughing the inside edges of the 
side styles, as 6 and the inner and lower edge of 
cross-piece c c $ and finishing the outside edge of a 
and the upper ends of all the boards with a tongue ; 
or all the members may be secured together, os at e 
and g in fig. 10. The boards, as a a, may either be 
brought up edge to edge with a plain joint, as in fig. 11^ 





Fig. 11. 


boards is generally desired to be "flush” or even. 
A method of joining and securing boards placed edge 
to edge together with the surface of the cross-piece or 
** flush” with the surface of the boards is illustrated in 
fig. 10. In this method the crom-piece, as a a, runs 
along the termination of the boards b b, which are all 
cut off" square,” but are not left plain, being provided 
with a " tongue,” " feather,** or peojecting rib, as 
shown at c in edge viewy, ^is takes into a groove 
ploughed out on the edge e e of the cross-piece a a. 
The thickness of the cross-piece a a is the same as that 
of the boards 5 i, so that there is no projecting part 
at the junction, but the surfaces of both coincide or 
run into one i^iother. The tongue e and ploughed 
groove 0 0 in lower diagram are of course made in the 


or the junction at edges may be finished to show as at 
g ^ in fig, 4, or as in figs, 5 and 7, / is the other 
style or side-piece corresponding to b, with upper part 
in section showing mortise at seat for tenon d. 

As elsewhere stated, the joints of "joineiy” and 
those of "carpentry” in several instances are so 
similar, at least in principle, if not in detail, and, so 
to say, overlap each other, that it is difficult to draw 
the line which separates them; the only practical 
difference between them bemg this, that joineiy deals 
with small, carpentry with large masses or pieces 
of timber. Several 6f the joints illustrated in this 
paper are examples of this peculiarity, and a marked 
example of it will be found in the drat paragraph of 
Chapter III. 
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TEE COTTAGE AES THE TULA GABDEHEB. 

TfiB LEAPIMO PBiyOIPLES AND PBAOTIOE 07 THE ABT 

OF Family Gabdenino. 

CHAPTER 

Introduotory. 

It may well be questioned whether, of all the arts 
whioh engage the attention and engross the cares of 
man in the present condition of society, there is one 
so popularly attractive as that of gardening, Kor 
need this be matter of surprise. For looking at the 
art in its twofold aspect — as ministering at once to 
that love of the beautiful in natural objects which all 
possess more or less, and to the utilities and necessities 
of life — we find that it yields in the largest degree 
satisfaction in both. 

Gardening is essentially a healthy occupation. And 
we use this term as conveying much more than it is 
usunlly considered to convey, — as embracing considera- 
tions connected with a healthy moral tone, as well as 
a highly developed ph3r8ioal condition. For although, 
as in everything in whioh man is concerned, the taint 
of wrong-^oing sullies and spoils the work, there is 
beyond all doubt an elevating tendency in the labours 
of the garden. So universally is this conceded, that 
though a good and worthy man may not be possessed 
of a great love of flowers, nor be much touched by 
the tender thoughts whioh their lovely tints and tones 
of colour, the elegance of their forms and the delight- 
ful odours they shed aiound, are so well calculated 
to inspire, yet no one doubts that if a man hitherto 
leading a degraded and degrading life, wedded to the 
evils whioh kill the mind as well as the body, once 
becomes, or should by some powerful moral motive 
become, a lover of and a cultivator of flowers — he will 
have at least a much better chance of getting freed 
from the bonds of a vicious life than if he lacked the 
love of, and did not give the needful care to, the culti- 
vation of the products of the soil, at once lovely and 
useful as they are. 

Esalthy Xoral Influeuoe of Gardening. 

For in such oases — which have, fortunately for society 
and infinitely more so for themselves, been by no means 
few in the experience of everyday life— it would be 
found, as many have found who have never been the 
bondsmen of the grosser vices of society, that such 
a keen interest in the occupation of the garden would 
spring up, such an earnest desire to persevere with its 
varied and ever interesting work, that the desire to 
give the necessary time to it would become a stronger 
incentive to action than that whioh might tempt them 
to go once more astray in the old walks of degrading 
vice. We do not say that this woiud at once be the 
case; but assuredly if a man began with even but 
a small degree of earnestness in the work of the 
garden, it would so rapidly grow in interest that he 


would be less and less inclined to leave it for accus- 
tomed haunts, even with all their powerful induoe- 
ments to go astray from the paths wUoh lead mtun to 
higher and purer life. We purposely cite this case, 
inasmuch as it affords evidence as striking as it is 
truthful ^of what we have advanced, that gardening 
is essentially a healthy occupation — healthy alike in 
promoting the moral as well as the physical condition 
of those who engage in it, Kor does the fact that 
there are exceptions to this, and that very good 
gardeners there are who are very worthless men, at 
all detract from or give denial to its truth ; they only 
prove the rule. For in truth the work of gardening 
is a singularly fascinating one: so fascinating and 
engrossing in its varied cares, that those who have a 
strong natural love for its work seem to have this 
more and more strengthened the longer they occupy 
themselves with it, while in the case of those who 
have no well defined liking for it, but who have 
from one motive or another been induced even in 
late life to begin its work, it is found so attractive 
that they — very much to their own surprise, as we 
have known in more instances than one — get the 
more and more to like it the longer they keep doing 
its varied and ever varying work. 

Gardening ai an Indnitrial Art^ Frodneer of Yegetablo 
Food. 

As to the value of gardening as one of the industrial 
arts whioh minister to the necessities of man, little 
need be said. Next to farming it is about the first 
essential in life, without which men could not live, 
and without whioh none of the arts could exist or 
flourish. The products of the vegetable and the 
market gardens have now become positive necessities 
of man's civilised condition ; the want of whioh would 
create a wonderful difference in the way in whioh 
that existence or condition would be supported. And 
the same, although in a sense more or less modified, may 
be said of the fruit garden. And this latter, we may 
remark, is becoming more and more important as one 
of the factors in the sum of physical well-being. For 
the love of or the taste for fruit is becoming every 
year more imd more developed. Nor must the fact 
be overlooked that the truth is becoming more 
accepted amongst all classes of society, that fruit 
exercises a remarkably beneficial influence on healthy 
physical development. 

Gardening as Vlnistering to the Leve of Flowers. 

As to the fascination of the flower garden we need 
say but little. It is but few, we are happy to say, 
who are not delighted with the gifts of Flora, They 
possess more than one charm ; for while they gratify 
the sense of sight by the variety and the beauty of 
their forms and the freshness of their foliage, they 
perhaps in even a much more touching and telling 
way minister to gratification by the sweetness of their 
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odours — of which there is an endless number, with 
variations in delicacy as numerous. Many there are 
amongst us whose time occupied exclusively in business 
cares, or whose health prevents them from all exertion, 
who do not care much, if at all, for the labour bf 
love which others devote so freely to dower culture 
and care ; but there are few indeed who do not enjoy 
the sight of their well-stocked dower plots, or if they 
be not blessed with the actual possession of a garden, 
are not greatly gratided by the gift of a nosegay 
to grace the room of a wife or a daughter, or of a 
button bouquet to dourish in busy mart, lighten up 
some dingy office, or to show off on ’Change*” And 
it is gratifying to note that this love of dowers, so 
almost universally held by man, is becoming more and 
more extended ; and, as in the case of the products 
of the fruit garden, so in this, it is becoming more 
and more conceded by all that dower cultivation is 
becoming an important factor in calculating the 
civilised condition of the community. 

Boabtftil whether we nationally make the moit of Gardening 
ai an Indnitrial Art. 

tt is very questionable, however, whether we make 
the most of gardening as an industrial art. Indeed, 
a closer survey of the actual condition existing 
amongst us would seem to indicate that it is not 
questionable at all, but that on the contrary we may 
at once decide that we do not. To keep for the pre- 
sent out of view consideration of localities in towns 
and their suburbs, and looking at what may be 
strictly regarded as rural districts, there are in those, 
pieces of land or extents of ground which, not at 
present availed of, indeed, not practically available, 
for farming purposes, could be used, and profitably, 
for gardens. Those as a rule would pay best if for 
raising vegetables. For them there is an ever in- 
creasing demand. It may, indeed, be said that the 
supply as a rule throughout the country has never 
been at all equal to it. We have never yet met with 
an instance in which, where additional gardens were 
opened, the products raised in them could not be sold. 
ITie more there is grown the more there is sold, Now, 
for these pieces of land for which there is at present 
no use — at least, no paying use— there could not 
be a better employment than their conversion into 
cottage gardens. From what we have already said, 
our readers will understand that in making this sug- 
gestion we have a double object in view ; or rather, 
such an extension of cottage gardens which would 
flow from its adoption as would bring with it a double 
benefit. For while they would add largely to the 
supply of vegetables, and in the same degree add to 
the pecuniary resources of our cottagers, th^ would 
in Wge measure act as training schools, so to say, in 
which inoentiv6B to higher and purer life would be 
met with. As fording work for the head of the 


small household, they would be directly useful, while 
in great measure they would call up the help of the 
children. And even a very young boy or girl can do 
useful work in a well stocked and carefully cultivated 
garden to a much greater extent than most would be 
inclined to admit or believe who had no practical 
experience in this direction of household labour. 

An Inoreaie of Oottogo Gsrdoniag an Important Sooial 
Qnoitlon. 

But apart altogether from the question of such an 
extension of cottage gardens, as affording a large supply 
of vegetables for the general market, the primaiy 
purpose they would serve as the gardens for the 
cottagers themselves is one of the most important in 
a social point of view. It is impossible to overestimate 
the value of a garden to a cottager. It helps to keep 
— and as a rule, with careful management, in many 
oases actually keeps — the wolf from the door," as the 
saying is. A family supplying, or rather having the 
opportunity which a good garden affords to supply 
themselves with sundry vegetables, is rarely in want 
of the positive necessaries of life, For the mex^ refuse, 
or, as it is called, the waste of the garden, goes far to 
keep a pig ; and much food, also otherwise useless, con 
be got for a small stock or ** head ” of poultry, And 
when, as assuredly will in time come about, the value 
of a ** goat ” for family purposes is as much appreciated 
as it is on the Continent, a garden would be found 
yielding much that would help to keep this the “poor 
man’s cow.” But much as is often really made of the 
cottage garden, and numerous as are the instances 
to be met with throughout the countiy in which the 
very most is made out of a tiny piece of land, it may 
with all safety be accepted as a truth that, as a rule, 
by no means is the most made of our cottage gardens, 
l^t us glance at some of the points of this position. 

PraeticAl Point! oonnootedwith Oottag# Gardoning.-^Looallty, 
Poiition, or 8ite in relation to the Home or Cottage.' 

In the case of the cottage gardener little requires to 
be said as to c/mce of site or locality. This is a point 
which concerns him who has the means at command to 
purchase a place, or is so situated in life as to enable 
him to select his house, with its attached or con- 
nected garden, in the locality and in a position or 
site best suited to his tastes and notions of what a 
garden should be* But it does not concern the 
labouring man, whose gardening we are now briefly to 
consider in the light of the question, ** how to make 
the most of it.” In his case the choice of a garden 
is the one so well known as that which Hobson,” the 
inzxkeeper, gave to his customers in the matter of the 
horses they required, this— or none,” In other 
words, the labourer has no choice ; he has to take what 
he can get, as he has generally to take in like fashion 
the cottoge itself* And he should, and as a mie does, 
consider himself very fortunate indeed if he ;^n get 
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a cottage with a garden attached to or closely con- 
nected with it. So highly is a “bit of garden ground 
Talued, considered and let as part of the cottage, that 
not seldom do labourers rent cottages badly con- 
structed and deficiently arranged, which they in 
other drcumstanoes would not take, as being so very 
uncomfortable, simply because they consider the 
possession of the “ bit of garden ** attached to it of 
even greater importance io them than the cottage 
tb^ live in. And so far as this latter is concerned, 
it may indeed be said with truth that, as a rule, in 
countiy and suburban districts, cottages are so badly 
constructed and so deficiently provided with accom- 
modation, that it is a matter of very great difficulty 
for the labouring man to provide his family with one 
which only approaches — and that very remotely — the 
standard of a good, healthy, and convenient cottage. 
In this again it is “ Hobson’s choice.” (See the papers 
entitled “ The Sanitaxy Architect ” and “ The Domestic 
House Planner ” for remarks on this subject.) 

Praotioal Foixiti of Cottage Gardoniag.— The AUotmoat 
Syitem. 

We have said that the value of the “bit of a 
garden ** is all the more highly esteemed if it be in 
immediate contiguity to the cottage in which the 
labourer lives, There is very much more in this than 
appears at its first consideration. Infinitely better, 
no doubt, than having no garden at all, is the posses- 
sion by the labourer of a small plot of “ allotment 
garden,” the locality of which is at some distance from 
his home. The allotment system is one which meets 
with the earnest approval of all those who are truly 
interested in the w^fare of the labouring man, and 
who desire to place within his reach all means which 
will tend not merely to help him in his attempts to 
bring up his family comfortably, but those which will 
act as a powerful incentive in keeping him from 
attractions which only waste his means and ruin alike 
his health and prospects. But the allotment system, 
good as its influence is, is only at the best a make-* 
shift, so to call it— a compromise between that which 
is desirable and that which can under the ciroum- 
stances only be obtained. 

One feature of the allotment system is that the 
ground or land on which its garden plots are, is situated 
in some defined locality. This may be neaxer some 
cottages in which reside the labouring men who culti- 
vate the allotment plots than is the case in others. 
But in relation to all of the cottages the allotment 
plots are situated at some distance— often at a con- 
siderable distance. To this rule there are but few 
exceptioxiB ; indeed, it can scarcely be otherwise, as 
the land tor allotment gardens is not always easily to 
be obtained, and at the best it must, where ohoioe 
is to be had, be placed so as to be nearest the greatest 
number of the cottages of those who cultivate its 


plots, Kow, this distance, even when it is of the 
shortest, is a great drawback. A labouring ixkan must 
indeed be either very fond of gardexiing, or be im- 
pelled by high motives of regard for and intei'est in 
the. welfare of his family, who after a vexy hard day’s 
work is induced, or feels inclined, to leave his cottage 
and walk over or aloxig to his garden plot in the 
allotment ground. Those whose lines of life are 
“ cast in more pleasant places ” than are thoM of the 
labouring man have to ask themselves how they would 
feel and act if placed in those drcumstanoes. And 
even in oases where the physical labour they have 
had to undertake in the conduct of their business is 
infinitely less than that of a labouring man, we are 
assured that after coming home from business they 
would feel as a rule so tired — and the jading feeling 
arising from the worry of business is often worse than 
the fatigue of phydoal exertion — that in nine cases 
out of ten they would make an excuse for not going 
to their garden work, if the garden lay even but 
across the road, or but a short distance along it. 

Ths Allotment System of Cottage Gardening in Its WorUng 
and Social Aipeots. 

This feature in a social point of view is very 
important, and as its importance tdxes hold of the 
public mind, so shall we see efforts in the right 
direction made. And that direction is easily enough 
found, for it lies in but one way — namely, that the 
garden should be part of the land on which the cottage 
stands. Numerous enough and powerful enough, in 
sad and sober truth, are the inducements or attractions 
held out to labouring men to leave the path of sobriety 
and prudent living. And it is, to say the least of 
it, scarcely wise if we lessen the power of the good 
influences which we can bring to bear upon him. 
Those good influences are unfortunately not so 
numerous as to justify easy laxity ^ their applica- 
tion} and of the few we have, the possession of a 
garden is one, perhaps, of the most powerful. For it 
appeals, as we have shown, to two strong motives for 
exertion in its work— the pleasure which the work 
itself gives, and the pecuniary advantages which flow 
from that work. When we Jmow better than we do 
now what is due not merely to those who labour, but 
to those for whom the labour is done, we shall find 
it to be a rule that a garden closely attached to the 
cottage will be deemed an essential part of every 
labouring man’s /home. And this not merely in 
country places, but in the suburbazx districts of towns. 

Time anXsseatiil Bimmt la the leeaemleal WerUaf ef a 
Cottage Garden, trequiiitly overloohsA.— Importeaee of 
havlBf the Gsrdea adjoialiif or very aesr to the Cottage. 

Although some may not think, or if thinking thereof 
will nevertheless iwt admit, that the time of Uie 
labouring man is of much or any value, it is worthy 
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•of note, however, that it is of just as great value to 
him, and has quite as high a proportion to his means 
•and income, as the time of the busiest and best paid 
man in any dass above him. And if one would but 
think of it, one would perceive that the hardness of 
the toil gbne through by the labourer in his ordinary 
day’s work makes the time he has to spare for 
himself all the more valuable. Assuredly we should 
not compel him to waste his time in any unnecessary 
•exertion, especially in the doing of such work as is 
likely to elevate him morally and socially. Hence one 
reason why wo insist upon the duty of those above him 
to give him his garden attached to his cottage. Another 
reason, and a specially good one, for securing this 
dual relationship between his house and his bit of 
land ” is one well known to every lover and practiser of 
gardening. And it lies in the fact that a very great 
•deal of what may be called the minor work of culti- 
vation, whether of flowers, fruit, or vegetables, can 
be done, and is done in individual cases, in the space 
of a very few minutes. We have said that this is 
the minor work of cultivation. But in view of the 
important and beneficial efieot on the health of the 
plants which such minute cares exert, one is inclined 
to rank them as important as any other branch of 
work. Every one knows how in strolling through a 
garden, or in looking at plants in the conservatory or 
the sitting-room, with no idea of doing work-“rather 
that of ** musing’* or amusing oneself — something 
attracts the eye in connection with a plant, and 
something done to it follows which the practised eye 
tells us should be done. And yet it is done m a 
minute or so, and thus without any seeming exertion. 
A great deal of useful work is thus effected, while all the 
the matter is one of but amusement only. And 
yet every lover of plants knows well how kindly they 
take to such little ^ts of attention, as if they loved 
to be attended to, and repay a thousandfold the little 
loving cares thus shown them. All observant lovers 
of plants and flowers will know well what we mean 
in saying all this, although to those who are not 
it may appear to be a “ bit of romantic nonsense.” 
Now, a labouring man who can by walking out of 
his cottage door reach in a step or two bis tiny plots 
of garden— even if he goes out but to take his evening 
emoke or “ look a bit a^ut him,” may be able to do 
many a kind office to his plants and flowers without 
much exertion. And if be likes his garden ha will 
be certain to do these kind ofltos. Indeed, we are 
not sure but this doing of little things in gardens 
oonstitutes one of the highest pleasures of their work. 
It to bring one in such close relationship with 
individual plants and flowers, that a love for each as 
if each were a personality, a living, loving thing,” 


arises in the mind. Here again, to those who are 
not lovers of plants and flowers we shall seem to be 
but talking nonsense,” 

lyiten sad Order in working the Cottage Garden XiMntial 
Elements in Snooeii. 

But if spare moments of time can be thus made 
useful, and highly so, it is, from what we have said of 
the value of time to the labourer, essential that he 
should make the most and the best of it. And he can 
only do this by having order and method ” in all he 
does. And if he attends to these— or rather this, for 
they are one and the same thing— he will be sure 
to economise his time to the utmost. Order admits 
of no waste— is indeed, as we have said, the truest 
preventive of it, If what may be called “ odds and 
ends ” of work constitute, as we have seen, one depart- 
xhent of the labours of the garden, another, and the 
most important department, is made up of continuous 
and regular work. Each set of plants has its season ; 
and each, therefore, must have its preparatory work 
done in due time, so that the season may be met : 
otherwise it is lost. And although there are some 
plants which offer facilities for thriving more than 
one season in the same year, there are others for 
which there is only one season in the whole year, 
This it is which makes gardening and farming alike 
esaentiaUy different from the great majority of other 
industrial pursuits; for while in those, if through 
laziness, indifference, or positive and wilful neglect, 
an opportunity of doing a piece of work be lost, there 
is nothing in the oiroumstanoes to prevent that work 
being done immediately after the folly of the first 
waste of time has been perpetrated. But in the farm 
and the garden, if a season be lost, one has to wait for 
a whole year before another opportunity is had to 
retrieve the error, In fact, it can never be retrieved ; 
it is the gain of well done work utterly lost. A loss 
of this kind in other classes of work may be actually 
made up by extra work, by stealing an hour from 
the night”; but there is no resource of this kind 
to the gardener who loses a season in certain crops. 
In other crops, as we have said, there is more than 
one season during the year ; these can be cultivated 
in a succession of crops. Thus one may have more 
than one crop of turnips in the same year. Still, if 
one of the chances bo lost, the rule named above holds 
good, and practically a season lost can never be made 
up for; Hence the labouring or cottage gardener 
portion^ out his work in due order, and it must be 
begun, too, at the proper time, and carried out till it is 
completed. Half-done work in gardening may as well 
be let alone, for it has no claim to be considered good 
work at all, and will yield little— not even half a 
crop. 
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THE OENAKSHTAL DBAVGEI8XAV: 

Hia Study and the Details of its Pbaotioe, chiefly in 
Relation to Technical Work in Manufaotubino 
DBBiaN* 

CHAPTER IV. 

At the end of last chapter we made a few remarks 
on the importance of the student attending to the 
simple subjects we had there given. In all serious- 
ness we advise the pupil not to leave this first series 
of lessons for the next until he has mastered them 



Pig, 18 . 

thoroughly. Let him bear in mind the lesson con- 
veyed in the adage, ** Fear in argument the man of 
one book.*’ Equally may he fear in execution the 
man of one accomplishment. The great ornamental 
draughtsman, simply as such, is he who can draw 
perfectly straight and curved lines, and both of them 
equally well. 

The student will at once perceive the object of 
these illustrations now to be given. They are intended 


to give examples of curved lim»^ and examples like- 
wise of itraight cmd curved linea ctmbinedt just as the 
previous figures commenced with straight lines. The 
first figures, he will notice, are of the simplest character. 
They gradually assume greater oomplexity, until, in 
the last, he has examples of no ordinary difficulty set 
him. Observe how almost imperceptibly such diffi- 
culty increases from figure to figure, the intention of 
which slow development he will of course, or should^ 
understand. 


I 



ImoBS in tht Drawing or the Oopyimg of Oarvod Linos— Some 
Oonsidoratioiis oonnooted with thom. 

In the preceding paragraphs we gave various lessons 
in the drawing of straight lines, and illustrations of 
their application to the simpler forms of ornamenta- 
tion in different known and accepted styles,” by 
which name the various classes are distinguished. 
We now take up the department of ** curved ” lines ; 
and in this, as in the simpler lessons of the earliest 



TBE ORNAMENTAL DRAUGHTSMAN. 


167 


stages in the art, we would impress upon the pupil 
the importance of mastering each lesson thoroughly 
before he proceeds to the succeeding one. Hastily 
done is almost certain to be badly done work, and he 
must have a strangely constituted mind who would 
look upon this as the desired -for result of any 
labour. ‘ The Romans had a proverb which somewhat 
paradoxically declared that progress was all the 
quicker the slower it was made. The same lesson is 
taught us in our own proverb, Slow and sure,’' or 
<<Slow and steady wins the day,” And the lesson 
these sayings teach us, as well as the experience of 
all who have succeeded in life— of which, indeed, those 
proverbs are but the concrete experience, embodying, 
as so many of our proverbs do, the wisdom of ages or 
generations — is simply this, that patient work is 
necessary to the accomplishment of good work. And 



sustained in a way which he himself in his begin- 
nings could scarcely have believed possible. So in 
like manner, although his work is as delicate as that 
of the other is forcible, will the young draughtsman 
find that the longer he practises in the right way, the 
easier will his practice become, till at last he becomes 
a “ deft and clever workman, worthy of his work 
and of his hire,” We say, in the “ right way,” for 
if not, progress is just so much time wasted, leading 
him, as every stop of it must lead him, farther and 
farther away from the point he wishes so much to 
reach. The art of the ornamental draughtsman, like 
every other work to be done, has its apprentice 
period, and if the pupil earnestly make up his mind 
to face what is called the “drudgery of 'prentice 
life,” with a determination to do it cheerfully and 
well, ho will find that it is no drudgery at all, but a 



Fig. 20. 


the more that patience is exercised, and the longer, 
therefore, the time taken in learning to do work wM, 
the greater is the facility with which the good work 
is done, and in proportion the less demand there is 
made for the exercise of patience and the outlay of 
time. It is thus, and only thus, that true dexterity 
in the doing of any work is obtained. And in this 
tntth the pupil should take comfort, if comfort he 
needs, in view of what claim work will make upon 
him for patience in learning to do it well. For he 
will find that each step carefully and firmly taken 
will give him precisely the strength he requires to 
take the next and more difficult one. The young 
blacksmith’s arm becomes the stronger the more he 
wields the heavy iron hammer, till at last it becomes 
as if its muscles were themselves bars or rods of iron, 
capable of showering down blows fierce and long, 


mere necessity of the work— as little to be called 
drudgery, seeing it is the very basis of all higher 
work, as the foundation of a building is to be pro- 
nounced unnecessary or useless, since it is out of sight 
and is the first part of the work which has been done. 

Such considerations, and the thoughts to which 
they ought to give rise, are of the utmost value to the 
art pupil. We do not for a moment conceive that 
any of our readers have that unfortunate constitution 
of mind we have alluded to, which permits them 
willingly to accept of bad work as a necessary result 
of labour, or to be satisfied with it when it is done. 
Few indeed have their judgment so warped or their 
minds so filed (“For Banquo’s issue We I filed 
my mind” — Shakespeare in Macbeth) as this. Still 
one may have his morale not thus debased, indeed, 
have it high and pure, and yet be tempted, in hia 
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Imste to a Buocessful ornamental draughtsman, to 
overlook or overrun those wise and prudent precau- 
tions by which alone success be wont What, 
however, we have here and elsewhere said, should be 
enpugh to show him how this danger can be avoided ; 
and avoid it he must if he wishes to be a successful 
and useful draughtsman. For success now-a*days 
more than ever is only measured by the extent of its 
utility. 

yint Laiioa UL the Drswiag or the Oopylng of Onrvod 
Llaos. 

In commencing our lessons on curved lines, let us 
take fig. 18 in hand. One simple-looking curve 
enough here, certainly; as simple as the pot-hooks 


the pen-and-ink flourish of a writing-master. Ihe 
figure you are copying was not drawn so. Keep the 
whole bend of the line in your eye, and as you 
deliberately progress towards b compare strictly what 
you are doing with the beginning of the curve, as 
well as with the original.’’ It is absolutely oertedn, 
though, despite all his pains, that his first copy will 
not bear for a moment the severe scrutiny to which, 
in accordance with the instructions given concerning 
figs. 1 to 6, it will be subjected. But the habit of 
dogged perseverance, which frowns down all di£- 
colties and tramples down all obstacles, will soon 
teach him the direction in which success lies. It has 
been said by a deep thinker that ** there is no such 



yig. 21. 


and hangers of our schooldays. But in no wise will 
it be prudent for the young ornamental draughtsman 
to regard them as so ea^ of imitation that he may 
eenaibly '*slur” o\‘er them. His experience of the 
subjects in figs. 1 to 6 (straight lines) will have given 
him some notion of the difficulty of oopying seemingly 
simple” examples; and it is ^erefore, we hope, un- 
necessary to caution him here against dirking the 
faithful drawing of what we place before him in this 
figure. 

With great care, then, let him tiy to copy the 
curve in fig. 18, starting at a. Set about the work 
aiowly. ” Do not fancy ”^let us say to him—" that you 
— draw that curve with a dash of the pencil, like 


thing in this universe as genius, in the common 
acceptation of the word. Profound skill in anything 
is impossible without downright hard work. The 
philosophy on this matter is ^onymous with that 
of one who said, * Genius is the transcendent power of 
taking trouble.’ ” 

Isooad Lesion la the Drawing or tils Oepriag of Ouvsd 
Lines. 

The curves in fig. 19 the young ornamental 
draughtsman will draw and oritioiae after the same ^ 
fashion, remembering, however, to begin at the top ; 
figs. 18 and 19 bring formed on exactly the eame 
principle, and being, in a measure, the same curves^ 
bat standing differently rriated to the edge of the 
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«h66t. Fig, 20 18 a loMon on tho same direction of 
ourve as in fig, 18| and the lines of it are related 
to each other as in fig. 19| ,but joined at foot by a 
oonvex curved line as shown. The dotted lines in 
these three figures, as also in figs. 21 and 22, show 
how straight lines may be put in by which the pupil 
may, as it were, chalk” out the leading lengths, 
etc., of the curved lines. These test lines, as they 
may be called, are of course to be put in, in the 
lightest pencil line, and their relations to each other 
must in all oases be decided by the eye. This accurate 
estimation of lengths or spaces is one of the things 



Fig. 2 % 


first to be learned by the pupil. But upon this point of his curved lines, but that of the distances which 

V® have already enlarged. give what is called the size or dimensions of the 

drawing. The pupil should copy fig. 22 in the same 
Third Lesion in ths Drawing or the Copying cf Carved manner, observing that the lines incline inward a 

I'los** little more at the top than fig. 21. Now let him 

Kg, 21 is an illustration of a different order of proceed at the top left-hand corner, a, to draw the 
curved line. In <^pying this the pupil should first waving or wavy line down to the bottom, 5, and make 
draw a light line oorrespondmg to the dotted line the right-hand side to match it ; and then carefully 
a h; and on this, estimating with the eye as examine the drawings and see that they are like the 
accurately as he can, giving to the depth a b of the copies. The draughtsman must not be satisfied if 
fligure, the distance ba — and through point a, of couw they look like the origins^; they muH be absolutely 
at wght angles (see the paper ''The Geometrical the same. 


Draughtsman ”) to a draw a line e d, estimating, 
again by the eye alone, the width of the curve or 
figure at top] bolf of this is set off, on each side 
equally of the point a, to o and d. The pupil is now 
prepared to put in the curves. The first put in is 
that to the left hand, beginning at the upper left- 
hand corner o, and drawing to the point 6. This 
being done, he puts the right-hand curved line in by 
drawing from upper right-hand comer d to the point 
i, making the curve to match precisely the other. 
After he has finished he must conscientiously examine 
his copy, not merely with a view to test the accuracy 
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Taadb. 

CHAPTER III 

Thlokeniiig PAitai (oontinited), 

Eoetract Paste, — This is a mixture of gum dragon, 
starch, acetic acid, and oil. The ingredients must be 
very well boiled, The following are the usual pro- 
portions; three gallons of water, three gallons of 
1 lb. per gallon solution of gum dragon, thiee gallons 
of aoetio acid or good vinegar, 12 lb. starch, and 
three gallons of rape or olive oil, After boiling, the 
mixture is cooled and then strained, when it is ready 
for use. As its name implies, it is used solely for 
thickening alizarine extract colours. 

Pigment pastes are generally composed of a mixture 
of kid glue and starch, to which a little oil, turpen- 
tine, and glycerine are usually added. The ordinary 
strength is ^ lb. glue and 1 lb. wheaten starch 
per gallon. One part of a paste of 9 lb. glue per 
gallon is boiled together with one part water and 
1 lb, starch per gallon. After boiling, the oil, tuiv 
pentine and glyoeiine are added in small but vaidable 
proportions. The latter three constituents are added 
to prevent frothing in printing. This mixture is 
chiefly used in pigment colours along with albumen. 

8, Thickened Kordant Paitei. 

Tannic paste is a mixture of starch and tannio 
acid, generally with the addition of acetic acid. It 
is usual for convenience* sake to have two strengths 
of this paste — one being 1 lb, of tannio acid, 1 lb, 
starch, and 1 pint acetic acid, at Tw,; and the 
other 2 lb. tannio acid, and same quantities starch 
and acetic acid. The ingredients are simply boiled all 
together till the starch thickens, and used cold. It 
is employed for mixing the aniline colours. 

Acetate of alumina paste for certain aniline colours 
that are fixed with alumina, and for a number of 
other colours. It is prepared by thickening acetate 
of alumina liquor, at about 12^ Tw., with 1 lb, starch 
per gallon ; the paste thus obtained is cooled, and 
1 gallon of a cold solution of 6 lb. of white arsenic 
per gallon of glycerine added for every 20 gallons of 
paste made. The arsenic standard is prepared by 
boiling the arsenic and glycerine together for sever^ 
hours, and decanting it from any sediment that may 
remain. Solution of borax may be substituted, but 
disadvantageoualy, for the glycerine. It is usual to 
have at least two diflei*ent alumina pastes : 1st, one 
consisting of the above paste, and used for 8t»)ng 
colours — t.e. for deep shades of colour; and 2nd, 
this same paste reduced to half strength by mixing 
with an equal quantity of starch paste, and used for 
light shades of colour in which less mordant is 
required. 


Having now mentioned the most generally used 
pastes containing thickening and mordant, we next 
proceed to treat of the chief standard pastes ready 
for printing, or in print-works language ** colours,*' 
— consisting either of thickened mordant alone or 
mordant and colouring matter* 

8. Thiokaned Xordimti far Dyeing, 

The thickened mordant is printed on the cloth, and 
the cloth undergoes the dyeing process — the dye fixing 
itself only upon the mordanted parts, thus bringing 
out the design or pattern. 

1. Alizarine Reds, — Many receipts are in vogue for 
making mordant pastes for alizarine red and pink; 
but that we now give has been very extensively 
adopted, and, provided the red liquor bo of the best 
quality, yields as good a red or pink as can be 
obtained. One port of red liquor at 12® Tw. to 2^ 
water, and mix with Ij lb. of flour per gallon. Boil, 
and when nearly cold add 1 oz, of tin crystals per 
gallon. Eor the convenience of the printer, to enable 
him to see the impression, it is usual to add to the 
above a little magenta solution or Persian berry 
liquor. From this standard paste different reductions 
or degrees of dilution are made with staxYdi paste and 
water, according to the depth of shade up to which 
it is wanted to dye the pattern. For pinks aluminate 
of soda is frequently used Instead of red liquor (see 
further on), 

2. Madder Rlaok Mordcmt, — ^This is simply acetate 
of iron liquor at 8® Tw,, thickened with a mixture of 
starch and British gum. 

3. Madder cr Alizarine Purple or LUao Mordant , — 
For light shades 23 gallons of water and 36 lb. of 
flour are thoroughly mixed and boiled ; 1 gallon of 
solution of arsenic in caustic soda, 1 gallon of acetic 
acid, and 1 gallon of iron liquor at 24° Tw. are then 
added. For dark shades 12 gallons of the above, 
10 gills of water, and 1 gill of iron liquor. 

4. AlizaHne Chocolate Mordants^^Thc&Q consist of 
mixtures of iron liquor and red liquor in varying 
proportions. The following gives an average colour 
— >Six parts red liquor and one part iron liquor, both 
at 24*® Tw., reduced with water and thickened with 
flour, according to the shade which it is required the 
dyed goods should be. 

6. Moftdants for Aniline Colours, Persian Rerri^, 
etc,, are also made from red liquor, An ordinary 
shade would be red liquor at 6® Tw., thickened with 
flour. This mordant paste is used for dyeing aniline 
greens, blues, and violets; the paste is printed on, 
and dyed up in a tannin solution, and then in the 
solution of the dye. Tannio acid paste made as 
described above is also used for dyeing many 
dyes ; but in this case it is necessaiy that the cloth, 
after printing, should be passed through a bath of 
solution of tartar emetic (about 1 to 2 oz, per gallon), 
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fio that where the latter is not admissible, or injurious 
to some other colour of the pattern, the alumina 
mordant is used; whilst if greater fastness is re- 
quired tannic acid mordant must be used. 1 lb. 
per gallon of pure tannic acid dyes up deep shades 
of aniline greens and violet, methylene blue, and 
auramine. 

6. Catechu Jforianfj.-^These are principally for 
dyeing with the dye-woods— such as peach wood, bai‘k, 
sumac, and also for garancine; various mixtures of 
these being generally used according to the shade 
required. The following example will give the reader 
an idea of the general composition of catechu mor- 
dants: — Take 1 lb. of catechu, boil in 1 gallon of 
water, add 1 lb. of sal-ammoniac, 1 pint of acetic 
acid, and ^^nd part nitrate of copper, and thicken 
with starch. This is printed on and dyed-up in the 
usual way. 

4. Thloksned Paitei eontalning Colouring Matter ai wtll as 
Mordant. 

1. AUzarine Colours, or Euitract Red Colours '* — 
The preparation of these colours, made from alisarine 
paste, requires the utmost care. Few colours demand 
more attention to deanliness in their preparation than 
those of alizarine extract. It need only be remem- 
bered that alizfirine yields with iron a chocolate or 
other dark shade, and that there is scarcely a more 
widely distributed substance than iron — that it exists 
alike in the earth, in the materials of buildings, and 
ixi. dust — to see how necessary for the production of a 
pure 1 ‘ed colour to exclude the dust that flies about 
the colour shop, dirt from the colour-mixer’s hands, 
or from colour-tubs, etc. For the same reason the 
drugs used in mixing these colours should be as pure 
as can be obtained ; especially should there be absence 
of traces of iron, copper, and lead. Extract colours 
should always be as freshly prepared as possible, and 
made only in such quantities as are required, from 
time to time, as they are rapidly injured by e3q)0sure 
to air. There are, of course, extract colours of all 
strengths, according to the shade required ; an average 
colour consists of 6 parts of alizarine paste, 10%, mixed 
cold with 14 parts extract paste (already given), 1 part 
acetate of lime and part sulphocyanide of alumina, 
both at 12° Tw., when it is ready for immediate 
printing. This important subject of alizarine red 
and pi^ colours will be treated more in detail in 
a subsequent paper. 'Chocolates are made from the 
above by the addition of vaiying amounts of^irou 
liquor. Purples are likewise prepared from them, by 
the addition of different quantities of aniline-violet 
solution and iron liquor. There are many inter- 
mediate colours and shades of colours, which the 
experience of the colour shop alone can impart to 


the reader. It may be mentioned that waste extract 
red colour, t,tf, the residues from colour-boxes, etc,, 
are all thrown into a cask and kept to make dark 
shades of maroons, chocolates, etc,, by addition of 
iron liquor. 

2, The Aniline Colours , — Most of the ** aniline ** 
dyes now in use are fixed either with tannic acid or 
acetate of alumina; the fonwer method yields as a 
rule faster, but less brilliant shades. As already 
mentioned, the aniline colours that are fixed by means 
of tannic acid are prepared from a standard “ tannic 
acid paste.” A standard of the aniline dye also is 
generally kept in stock, say B or 10 oz. of dye per 
gallon of acetic acid at 4° Tw. For example, to give 
a moderate shade of aniline green, 1 J gill of an 8 oz. 
standard of green is mixed with 14 J gills tannic acid 
paste (containing 1 lb. tannic add per gallon) in the 
cold, the colour is then strained, and is ready for 
printing. This gives a colour which thus contains 
I oz.’ of aniline green per gallon. The other aniline 
colours ore mixed in a similar manner. As an example 
of the anilines fixed with alumina may be given 
saffranine. In this case the pro|>er quantity of safihm- 
ino standard, or rose, is mixed cold with acetate of 
alumina paste, An average shade is obtained from 
1 gill of 6 oz. standard per gallon of paste. 

3. Pigmmt Colours. — ^Theae, as the reader will be 
aware, are colours which are applied to the cloth in 
an insoluble state ; and after they are printed on are 
made to adhere to the cloth mechanically, To effect 
this a chemical process retilly takes place. Pigment 
colours are always used in a state of fine division, 
mixed with solution of albumen, and printed on the 
calico, which is then stetimod, by whioh means the 
albumen becomes insoluble, or coagulates, and firmly 
adheres to the cloth and retains fast hold of the 
colour. In the colour shop the pigment is mixed 
intimately with the solution of albumen, the latter 
being added gradually until the whole is of unifonn 
consistence, and then well strained. In many oases 
it is convenient to keep a strong standard of the colour 
ready mixed with the albumen, so that in making a 
colour of that pigment it is only necessary to measure 
standard and thickening; this saves much time and 
labour. Of course some other substances are used 
along with albumen, such as gum dragon, gum 
Bonegal, and pigment paste, as before mentioned ; but 
this do^ not affect the method of mixing, nor the 
manner of fixing, by subjecting the printed cloth to 
the action of steam. 

4. Vegetable C'ofowrtf.— Few vegetable dyes are now 
used in the oobur shop. Most of those upon which 
both dying and printing may be said to have chiefly 
depended a few years ago have been since then super- 
seded by artificially produced dyes* 
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OBVAHSHTAL WOBZ ZV XOVLDUrGS. 

(BBxva ojnc or tbb Btrs^SBcmoNB or '^foem and oolodb 

XN INDUBTBIAL DEOOBATION.*’) 

CHAPTER I. 

Introdnototy.— Beauty iu form. 

In the aeries of chapters given under the heading 
of “Form and Colour in Industrial Decoration/* 
“The Ornamental Draughtsman/' and “The Cabinet 
Maker/' the reader will find some remarks on the 
general subject of Design, This term is commonly 
employed to convey the idea that in anything which 
is constructed or made^ the principal motive for and 
ultimate object of which is to subserve some purpose 
of obvious utility, there is something added to or 
superimposed upon the materials which in the aggregate 
form the object constructed. This addition has for its 
direct and some say its only object, to please the eye, 
or as others express it, to gratify the taste. In other 
words, while the main object or body depends upon the 
rules and principles of construction, this added quality 
comes within the domain of what is now so frequently 
talked of — namely, esthetics. The necessities of the 
case compel, as it were, the definition we have here 
given ; but on consideration, and as will be fully illus- 
trated hereafter, it will been seen that this quality in 
an object which pleases the eye or gratifies the taste 
does not always result from, or is not always created by 
something which is added to a constructed body. For 
that body in itself, that is, in its lines as taken in 
by the eye, may pi*esont the quality we have named; 
and the mere looking at it will give that pleasure or 
gratification to which we have alluded. This may be 
very familiarly illustrated by a jug or vessel to contain 
liquid. This article primarily comes under the desig- 
nation or class of a construct^ article specially made. 
And it may be so made that it will completely enough 
serve its main object— namely, to bold or contain a 
certain qimntity or volume of water, so that it may be 
confined and be carried from place to place, But this 
enclosing or containing space of the jug or vessel may 
be of any shape, and this internal shape may— and as a 
general rule does— give the external shape or outline, 
or what in the language of technical design is called 
its configuration or form. But this may such that 
it does not please the eye when looked at; in other 
and ordinary words, it is “ ugly," and this in various 
degrees, from the state or condition which men say is 
“endurable" to that which is strongly denounced as 
“hideous." But it is also as obvious that the shape, out- 
line, configuration, or form may be such that every line 
which gives this is in itself pleasing to the eye, and the 
whole or aggregate gives an object to which the term 
“ beautiful " is applied. This sense or appreciation of 
what in the simplest language (which at this stage of 
our paper we purposely use) may be called “ the look 


of the thing" or object, seems to come instinotivdy 
or intuitively to men. Even although what is called,, 
for lack of a better and move specially distinctive 
term, “ taste " may not be cultivated, one can tell at 
a glance that one form or shape is what they say is 
** ugly "—that is, that it does not please the eye or the 
mind, or rather both; and that another form or shape 
is pronounced to be “ beautiful "—that is, that it is 
pleasant to be “ looked ’* at. But while as a rule this 
is true of most men, they cannot with equal facility stats 
explicitly why they pronounce or give their reasons 
for deciding one form to be ugly, the other beautifuL 
XHftoultj ia deflalng wliat ii Bsautifal. 

Nor do those who offer no pretence, even of the 
slightest, to the possession of what is cultivated taste, 
stand alone in this inability to give a reason for their 
believing one thing to be beautiful when looked at, 
another the reverse of this. For even those who do 
not require to pretend to the possession of cultivated 
taste, but who have it, are by no means able to give 
an explanation of what in reality distinguishes the 
beautfful. No two are found to agree upon a defi- 
nition of the term “ beauty." Nor is the reason for 
this indecision or incertitude far to seek. It finds 
expression in the common saying “tastes differ." And 
beyond what this saying leads to we cannot in reality 
go. For what appears to one eye pleasing is to- 
another anything but this ; so that opinion as to the 
beauty of a thing ranges through a series of gradations 
as numerous as the individuals who may be exercising 
and expressing their opinion about it. But while this 
diversity of opinion exists as to a specific definition 
of the term “ beauty " or “ beautiful/' or this inability 
on the part of most of us to give a reason why we think 
the “ look " of a thing as this or as that, Ahere is, for- 
tunately for the Ornamental Designer, a very decided 
agreement amongst all varieties of men thus far. 
Namely, that there is such a marked distinction between 
forms, shapes, or outlines which objects possess, that 
certain of them are pronounced without hesitation ta 
be ugly — ^that is, not pleasing to the taste : instinotively 
men know them to be such— while others, on the 
oontrazy, are said to be, if not beautiful, taking their 
own notions as the basis of their definition of the term, 
oertamly not unpleasing to them* Take any object, 
and ninety-nine out of a hundred who are looking at 
it will pronounce it to be “ pleasing," to be “ nice to 
look at," to “ gratify the taste," to be “ pretty,’* to be 
“beautiful," to be “mihetio” All these modes of 
expression convey in reality the same meaning, and 
that^ more by way of having a definite name than from 
any agreement that it means a definite quality, men 
have agreeti to call the name of “ beauty " or say that 

the thing is “beautiful'* Even the one hundredth, 
who may stare etoHdly at the object which calls forth 
a decided e^^reiabn of some opinion from his ninety- ^ 
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xiine fdlowB, and be quite incapable to find a word or 
words to oonyey the that the object has made any 
impieasion on his mind — should he posaeas this^ which 
is under the dnmmstanoes doubtful— feels neyerthele^s 
a something, to which if he could give a name it might 
find a posi-dve expression in one of the terms above 
used, that it was ‘‘nice to look at” — ^probably 
qualifying this with *<enough” — *<nice enough,” or more 
negatively by «It ain't ugly,” or, **It's good enough.” 

<< Siihstie,*’ a Term mod in eonnsetion with Artlitio 
Industrial Dsooiatlon. 

’ We have used the words “ taste,” “ sesthetio,” ** look,” 
"form,” "design”; it will be well to examine these, as 
we may from their inner meaning arrive at something 
definite as to the ideas they convey, and thus they may 
be useful in making clear sundry practical points of 
some value in connection with the important subject 
which will for some chapters engage our attention. 
One of those words just named is at present used 
everywhere, and as we might say at all times, whether 
or no it be the fact that those times are always 
appropriate. The word which is, in fact, while we 
write, a popular "rage,” or "craze,” is "assthetio.” 
When many use the common phrase the "look” of a 
thing, those who indulge in nothing that is to their 
mind common, and are always mouthing about things 
being " oesthetio,” little think that the commoner, or 
as they will prol)ably term it the “ vulgar ” expression, 
and the much grander sounding, or in their language 
"muchly fine” one, mean precisely the same thing— 
that is, if they will admit that words have a meaning, 
which from some they use plain people would be 
apt to decide that they think they have not. The 
term " eesthetios,” then, is derived from the Greek 
word aUrStriKOi (aiatheiikos), and this from aurddvo/Aat, 
to perceive. This word again comes from the Latin 
words per, by, and oapere, to take, receive or obtain. 
And this taking or reception is effected through the 
medium of the senses. By the sense of seeing we 
perceive what an object is; we have or obtain the 
perception of the " see-able ” peculiarities of an object. 
In other and plain language we look at it, and from or 
by the sense of seeing we have a perception of what 
we call the " look of the thing.” Thus the external 
peculiarities of an object are those which can be seen, 
so that aesthetics may be defined as the soienoe of 
looking at objects, or that connected with the look 
of things. As plain languagfe is not generally con- 
sidered dignified enough to be applied to a soienoe, 
ttefchetics is therefore defined to be the " science of 
the beautiful in nature and in art,” or as some prefer 
to call it, with a happy oombination of the common and 
the dignified form of words, the "soienoe of taste.” 

The compilers of some, we might say not a few of 
the older, or shall we say the very oldest of dic- 


tionaries, had a method of considerably lightening 
the labour of their drudgery (by the way, it is worthy 
of noting here that the grandest and most honest of 
the fraternity, brave old Samuel Johnson, gave as 
one of the definitions of a "drudge,” the "com- 
piler of a dictionary”) by printing after a word 
of which they themselves did not know the meaning, 

" See so-and-so,” and when you referred to so-and-so, 
the same formula was repeated and you were sent back 
to the point you came from. This aee-saw " so-and-so " 
system, although mighty convenient for either the 
ignorant or the lazy lexioogittpher, was anytlilng but 
so to the thirster after knowledge of words. We in 
this case do not intend to imitate the old compilers — 
by saying “.Esthetics — see Taste” — and at "Taste,” 
" see .Esthetics.” We have given as one of the defini- 
tions of sBsthetics that it is the science, or philosophy,, 
of taste. Now, what is taste 7 This word is derived, 
according to some, from the French taterj to feel ; to 
others, from the Norman-French taster, to try, and 
means to perceive a thing, not, as already stated, by the 
medium of the sense of seeing, in which the eye is the 
power, but by that of the palate, in which the tongue 
is the power. In common language, the perception (see 
the last paragraph on nstheticB) of the qualities of an ob- 
ject through the medium of the tongue is called "tasting 
a thing ” just as the perception of the qualities of an 
object through the medium of the eye is, as we have 
seen, the " looking at a thing.” But how comes it, 
the reader may ask, that if all this be — and it is — so, 
tbe term taste is so applied, that {esthetics is defined 
to be the science of taste 7 What has testhotios to do 
with eating, the refined to do with the vulgar 7 Some 
who are sarcastically inclined might find an answer 
to the question in this fashion. Man has been defined 
in divers ways; amongst others he is said to he a 
"cooking,” and therefore "an eating animal.” For 
the only object of cooking is to eat what is cooked. 
And as a man must eat to live, eating, whether he 
" cook ” or not — for he may eat things as he gets 
them from nature (hence, by the way, the French 
term au naturelle, without any cooking additions, as 
sauces or the like, at all)— is therefore the primaiy, 
the essential work of life. When he eats he tastes : 
with cooks tasting is an essential part of their art,, 
and the terms indeed are often taken to mean the 
same thing. And we can conceive of a state of 
early society when eating was the main, the only 
object, of living; for a man would only work that 
he might get something to eat — what he would call 
his “living” — the only thing, in point of fact, 
which constituted life in those, the dark ages. In 
this bygone condition of society a man of great 
experience in eating would therefore be called a 
"man of taste,”— and the expression would be 
from generation to generation handed down to* 
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modem — which, of course, being, as some at least 
say, refined times, the ideas oonv^ed by the term 
taste only have relation, not to the vulgar act of 
eating, but to the higher things in nature and art. 
Thus the science of taste would par be so 

confined, having nothing to do with taste in its literal 
meaning, in which the tongue only was concerned. 
This may or may not bo the way, according to our 
assumed saroastical authority, in which the word 
taste has got to have such a very limited meaning ; 
so that the high compliment paid now-a-days to 
one who is said to be a ** man of taste,” has quite 
another meaning from that which it had in the old 
vulgar times when eating and therefore tasting was 
the great object of life. Hence it may have come 
about that just os eating, being the highest object of 
material life, was called taste, so those who deemed 
that contemplation of the beautiful in nature and in 
art was the highest object of intellectual life would 
appropriate tlio distinctive term. The great pro- 
bability is, however, that such is the derivation or 
origin of the term. Be all this as it may, and how- 
ever it came about, the term taste” now refers, 
and almost wholly refers, to the cultivation of the 
beautiful in art and in nature; although, adhering 
to its derivation, taste literally means the perception 
of a thing through the medium of the tongue. 

Beantifal **— Termi uisl^Bexivation. 

But accepting this more remote and restricted mean- 
ing of the term taste as concerned only with matters of 
the beautiful, wo still are met with the question, What 
is the bea\itiful ?— one which we have seen, not only 
from what has been said in this, but in the chapters 
entitled The Ornamental Draughtsman,” has as yet 
received no precise definition accepted by all. Looking 
also in this instance at the inner meaning of the 
term, we find that the word “ beauty ” is directly 
derived from the French heauii, from heau^ good or 
fine, and this again is based on the Latin &onus, 
good. To beauti/y is to make a thing good, from 
the above French word heaut^t and the Latin verb 
faoeref to make. A beautiful thing is therefore 
that which is made beautiful either by nature or by 
art ; and although literally meaning goodness, beauty 
is defined with general acceptance as signifying that 
which possesses properties w^hich please the eye or 
gratify the mind — ^but another way of stating that the 
thing is good. Now, what is good in this sense in the 
eyes of one may not appear to be so in those of 
another. Hence the diversity of opinion as to what 
iH beautiful and what is not. So that the position 
j! just this: that in any art which attempts to make 
(«ee above as to “beautify”) a thing beautiful, the 
decision as to the result will be altogether determined 
by what the individual or the artist deems to be good — 


that is, derived from and influenced by his ideas of 
what beauty is, or what constitutes the beautiful. 

And this estimate of beauty which the individual > 
forms must be based on the results of his observation. 
He himself may aver that his estimate of what con- 
stitutes the beautiful is derived from or based upon 
some theory of his own, more or less metaphysical; 
but it will nevertheless be found, in tracing the matter 
up to its source, that it is really based upon observa- 
tion of objects around him. This observation may 
be partial and defective, or it may be full and accurate ; 
but whether the one or the other, it is that which 
supplies him with the material, so to say, by the use 
of which he gives expression to his work, of whatever 
kind it be, of making a thing beautiful. And this 
work will be beautiful to a class either numerous or 
the reverse in strict proportion to the width end 
fulness of the range of his observation, and upon which 
he founds his conception of what is the beautiful. 
The artist, like any one imparting, can only give what 
he has got ; and in this matter what he himself pos- 
sesses is dependent largely upon the way in which he 
has availed himself of the stores, so to call them, of 
the beautiful at his command. And beautiful things, 
acknowledged by all to be such, abound in widest 
diversity of endless profusion all around him, both in 
the productions of nature and of art. Chiefly, how- 
ever, in the former ; indeed, we may say wholly, for 
all true beauty in art is derived from a just concep- 
tion of the beauties of nature, for it is in nature that 
all forms exist. Her combinations of tliose are as 
endless, as the fields in which they are presented are 
widely spread and numerous. Whatever be the results 
of the lessons one receives in art, the teacher, in the 
first instance, must be and always is nature. This 
does not preclude, on the contrary it invites, attention 
to the teachings of art ; and all high art admitted to 
be so on all sides is based upon the teachings of 
nature. 

EndlMi Dlvexiity of Bom in Vatnral Otjooti, 

We say that the forms found in nature are endless; 
so also are the combinations of those elements of 
what is beautiful in nature and in art. The colours 
in which those forms are, so to say, draped or clothed, 
are also endless in their vaxiety and in their combina- 
tions. 

It is with form, however, that the ornamental 
designer has to do. And the form or shape, or 
external appearance presented by the object, is made 
up wholly of lines. And whatever may be the char- 
acteristics of the surface of the body, whether it be 
flat or rounded, or whether in either of those cases the 
fiat or rounded surface be left smooth, or whether it 
be cut up into hollows of diverse kinds, giving rise, 
consequently, to what will be projections, and the 
shape of which, and their relation to each other, 
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giving rise, an it may be^ to what is called ornament ; 
or leaving only indeterminate projections and hollows^ 
which are known by the name of rough,— -still, however 
treated, the surface of a body must be enclosed by 
lines, and those enclosing lines have, in the aggregate, 
the term outline ” given to them. The truth, then, 
of what has been stated, and profusely and practically 
illustrated, in the chapters under the heading *<The 
Ornamental Draughtsman that every object, how- 
evei' complicated it may appear to be as regards its 
form, shape, or configuration, is, must be, made up of 
lines — ^must be accepted by those who for the first 
time take up the practical work of ornamental de- 
signing. The same chapters also explain how there 
are, and can be, only two classes of lines — the straight 
and the curved* Examples of these, together with 
certain limited combinations of them, will also be 
there met with. The reader of the present chapter 
proposing to carry out its instructions and examples 
is presumed to be master of all those presented in 
the chapter referred to — “ The Omamental Draughts- 
man.” 

Work of tho Omamoutal Doiigaor.— tfoanlng of tko Tom 
41 Omamoat” 

It is, then, with ornamental outlines the ornamental 
draughtsman has to do ; or rather, we should say, his 
work is to give to constructed bodies which are in 
themselves plain an ornamental appearance, which 
appearance or look is derived from the combination of 
the two classes of lines we have named, the straight 
and the curved. Every one knows what is meant by 
a plain body or surface, this being bounded by straight 
lines, and the surface itself left in what is called its 
natural condition. In construction purely as such, 
this plain body may serve its purpose admirably — that 
is, it is possessed of utility — but while this is true, 
appealing only to the sense of propriety, fulfilling 
thus the conditions of correctness, it makes no 
appeal to what Tji&j be called the higher faculties. 
No one disputes the fact that it has no pretension to 
beauty, no matter what the standard may be by which 
beauty is defined — no standard applies to it. But it 
will at once be seen that without in any way inter- 
fering withy or lessening in any degree, the value 
of its constructive utility, we may by altering its 
enclosing lines, and by treating its surface by cutting 
it up into lines and hollow spaces, impart qualities to 
it wholly different from those which it before pos- 
sessed. When we so treat a plain body we are said 
to “ornament” it, and ornament means simply a 
thing adomed^from the Latin oma/re, to adorn. 
We have thus attained to or reached a point at 
which, while we do not interfere with the nsefulness 
of a constructed body, we give an added value to it, 
by imparting to it a quality which pleases the higher 
Realties of what we have shown to be now known 
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universally as taste. We have still construction, but 
we have got it graced or adorned ; so that we have a 
new subject, “ adorned construction, ”or, to revert to the 
derivation of “ adorned ” from another name, we may 
call it “ ornamented construction.” And we may here 
note that to distinguish the term “ building,” which 
primarily concerns itself with pure constructions of 
utility, from “architecture,” which obviously sub- 
serves some purpose other than that of usefulness, it 
has been by some proposed to define architecture itself 
as “ornamented construction.” And as material is 
used in construction, the art so defined would embrace 
the wide range of material at the command of the 
handicraftsman. 

Ornamented Oonitmotlon.— Simple Blnitration of the Term, 
baled on Xonlding Boiign in Snrfhee Boooration. 

In applying, then, the broad principles now but 
briefly indicated, it does not enter into the scheme of 
the present series of papers to give detailed statements 
as to this or that theory of tho beautiful, nor to give 
what some call the “ canons ” or rules of art, which 
others do not admit to be such ; we shall simply accept 
such outlines or forms as are considered by authorities 
based upon sound observation of nature m her varied 
and ever-varying forms; from which, as we have 
seen, all form must be primarily derived. And it 
will well illustrate the principle upon which the 
practice explained in succeeding chapters under the 
present title, and those in the leading paper of the 
series — namely, “Form and Colour in Industrial 
Decoration "—is based, while it will enforce some of 
these points we have been attempting to explain, if 
we give here a simple illustration showing at a glance 
what ornamented construction means, and how it is 
attained in “ Mouldings.” 

Tims the beam (as a a, fig, 1), stretching across 




Flff. u 

an opening, sufficiently fulfils its duty in supporting 
the superincumbent mass if it be plain throughout— 
all that is required absolutely for utility being that it 
is strong enough to bear the weight, and sound enough 
to ke^ bearing it for as long a time as possible— the 
longer the better, of course. 
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THJS ALKALI MAKER AMD HIS TEOHHIGAL WORK. . 


T8B ALKAU MAMOBt AVS HIS TBOHVZOAI 
WOBK 

I]lt>UfTBtAL iMPOftTANOB OF HIB PBODUOTS— TKB MAKIK<» 
OF SULPHUBIO ACID, SODA ASH, OAUBTTO BoDA, SODA 
CBY8TALB, UBED IN A WIDE VABIETY OF PSOOESBEB. 


Halt, ifc will be of interest to give an abstract of Mr. 
Oossage's Chronology of the Soda Trade ” to &how 
the rapid growth of the manufacture einoe Le Blanc's 
time, and the effect of his process on the price of 
soda. 


CHAPTER II. 

Ooaoeatration of Ohsmber Aoid in tbo Making of Inlplinrie 
Aoid. 

SuLPHUKio acid is strengthened by evaporation either 
in Bhallow leaden pans, or in glass or platinum 
retorts. The first method is largely used where acid 
of about 1*7 sp. gr. is required for the soda ash 
process, and is represented in fig. 6. A coke fire 



Fig. 6. 


is kept burning on the hearth {a), and the heat 
passes over the dilute aoid contained in the shallow 
leaden pan t, the outer sides of which are 
strengthened by iron plates. The concentration is 
carri^ on till the aoid has risen in specific gravity 
from about 1*6 to 1*7, beyond which |>oint the 
evaporation cannot be carried without injury to the 
lead. 

The use of platinum retorts for concentrating the 
acid has nearly ceased, and the strongest aoid is now 
made by concentration in large glass retorts of the 
shape shown in the diagram fig. 7# The neck b rests 



loosely in the large flask a, and serves to condense the 
Hcid vapours givmi off during the boiling of the acid. 
The retorts are supported on a sand bath and heated 
by the flames from a coal fire, and are generally 
armnged in long rows. Each retort contains about 
twenty gallons of aoid, and in spite of the high tern- 
'perature employed, aooidente through fracture of the 
glass seldom occur. 

Trafavatlea of Ma Ash^Ohmolegy of tho KaaafMtaro . 

Before describing the various stages of the lA Blanc 
ptobess, for the manufacture of soda ash from common 
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The Mamiliaotiir* of Soda Aih^Lf Blaao^s Frooeii. 

The manufacture of soda ash by Le Blanc's process 
is conducted in the following stages : — 

I. Manufacture of salt cake (sulphate of soda) by 
the action of sulphuric acid on common salt. 

II. Manufacture of ** black ash,’* by roasting in 
furnaces a mixture of salt cake, limestone, and coal. 

Ill* lixiviation of the black ash to extract the 
soluble compounds (caustic soda and carbonate of 
soda), 

IV. Evaporation of the black ash liquor to obtain 
soda ash. 

In some works the processes stop here, in others 
the procedure is modified so as to obtain — 

y. Soda ciystals, by evaporating the black ash 
liquor to the crystallizing point. 

YI. Oaustio soda, by removing the carbonate and 
evaporating the caustic liquor. 

YII. Bicarbonate of soda, by carbonating the soda 
crystals. 

Ohtnloal Chaagei involved in the Making of Soda Aik, hy 
It Blano’i Froooii. 

The chemical changes which occur in the first two 
stages are the most important, and are very simple. 
By the action of the sulphuric acid bn the common 
salt in the first stage, sodium sulphate (called by^the 
workmen ** salt cake ”) is obtained, and hydroohloiio 
arid (muriatic arid, spirits of salt ") is evolved, as 
represented by the following equation 

Sodium ohloxlde or common salt (SNaOl) + Bulphurio aoid 
(H1SO4) « Sodium lulpbats (Na«S04) + Hydiochlorio 
. aoid (2HCI). 


* peanniaea flsiirei am m addition to thoMgWan by Mr. Goaaagi 
M abora The author of thla paper haa been at aome pMpe to nt 
the intonnatlon-for wkloh, it la mwUaaa to atata, Mr. GoawjynlS St 
vwQKmaio a. 
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The add is oondeneied in stone towers, and is used 
for the manufacture of bleaching powder, bleaching 
liquor, etc., and will be afterwards described among 
the by-products of the alkali manufacture* 

In the next stage of the process two chief reactions 
occur : the coal reduces the m^ium sulphate to sodium 
sulphide ; and the limestone, reacting on this sulphide, 
produces sulphide of lime and carbonate of soda, 
These two reactions are represented by the following 
equations : — 

(a) Sodiam sulphate (Na|S 04 ) 4 * Carbon or coal (40) «• 
Sodium sulphide (Ka,S) + Oarbonlo oxide (4C0), 

(&) Sodium sulphide (Na|S) -f* Oalolum carbonate or lime* 
stone (Oi^O|) « Sodium carbonate (Kfi^OOs) -|- Calcium 
sulphide or yat waste (CaS), 

Such being the theory on which the process is based, 
we must now proceed to describe how each stage is 
praotioally carried out. 

The Kanutaotiire of Balt Cake. 

The necessary plant for the production of salt cake 
is represented in £g. 8. a represents the *<pan’* 
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in which the decomposition takes place ; it is heated 
by the fire and the hydrochloric acid evolved 
passes up the flue o to condensing towers packed 
with coke kept moist with water, by which the acid 
is absorbed. About 16 owt. of salt is used in each 
operation, and this quantity requires 1800 lb. of 
sulphuric arid of 1'45 specific gravity, which is 
llowed to flow on the salt from the leaden oistem d. 
At first the action is extremely violent, and hydro- 
chloric arid is abundantly evolved ; but the action soon 
moderates, and is continued for about an hour, and 
aided by oooaaional stirring and by the heat of the 
fire below. The mass is then nearly solid, and is 
thrown by means of a sort of iron spade through 
the narrow opening which connects the pan with 
the adjoining furnace e, called the '^roaster/’ 
When the charge has been removed from the pan to 
the roaster, a fresh quantity of salt and arid is added 
to the pan, and the charge in the roaster is spread 
over the bed of the furnace, which is heated by the 
fire /, which either plays directly on the salt cake, 
or on a flredUiy arch, wUoh becomes red-hot ' and so 
healta the charge; these two kinds are called re- 
q;»eotivriy open and dose roasters. The object of 
the roasting is to complete the decomposition as 
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far as possible, and it is wonderfully efficacious for 
this purpose, leas than per cent, of salt usually 
remaining in good salt cake. The hydrochloric acid 
escaping from the roosjier also passes by the flue 
0 to the towers, and is there condensed. The hot 
charge is raked out of the roaster into iron barrows, 
and is then thrown in a heap to cool, and is ready fojr 
the next process. 

The Oompoiitioii of Balt Oako. 

The composition of commercial salt cake ought to 


be about the following : — 


Sodium sulphate . . 

. . . 05 /5 

Sodium bisulphatc 

. . . 1-5 

Sodium chlpride . 

, , . 1-5 

Impurities .... 

. . . ]-6 

■ 

100*0 


Xanufkoturo of Blaok Aih. 

The salt cake prepared by the previous process is 
mixed with limestone and small coal (slack), in about 
the proportions of twenty parts each of the two first 
to fifteen of the last. This mixture is then strongly 
heated in a reverberatory furnace, b (fig, 9), until 



Fiff, 9. 


fused, and the red-hot molten mass is raked out into 
iron barrows and a^owed to cool. When shaken out, 
the mass has the form of the iron barrow, and is tl en 
known as a ball,” This is the central process in the 
manufacture of soda ash, and on the proper mixing 
and fusing of the charge the success of the operation 
largely depends. The charge is admitted by a hopper 
— ^not shown in the diagram— which terminates the 
pipe or tube e, and remains for some time near the fire, 
while the previous charge is being treated in the 
hottest part of the furnace at b. Here the charge is 
spread uniformly over the furnace bed, and constantly 
raked backwards and forwards by a workman by means 
of a long iron rod flattened out at the end to a sort of 
blade, and called a slice. In about twenty minutes 
the chemical changes begin, carbonic oxide is evolved, 
and bursting through the pasty mass becomes kindled 
and bums with a blue flame. At this stage the 
workman constantly uses the slice and rake, so as to 
secure uniformity in the mass, which eventually fuses, 
and is soon after semi-fluid, and is ready to be raked 
out as already described. 

The waste heat of the black ash furnace is often 
employed to boil down the soda liquor in the pan o 
as shown in the figure (fig, 9). 
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THE TOVHO ABOEITECT OB ENGIHEEB. 

Ills Studibs-^Offiohi Duties— AJ fD Pbactioal Woek ns 

THE PBEFABATION OF WOBEING DHAWINGSi OF SPECIFI- 
CATIONS, AND CONTEACTS FOB WORE, 

CHAPTER III, 

Tht Oround-Floor Plan of a Bnildinflf 
may be considered the most important of the contract 
drawings. It represents the floor level with, or only 
slightly raised above, the street or ground. The 
arrangement of this plan generally influences that 
of all the others, both above and below. It might 
appropriately be termed the entranoe^floor plan, as the 
principal means of access to the building from the 
outside are shown on it, and they must necessarily 
control the positions of 'the oonidors, staircases, hoists, 
and every means of internal communication. Only 
very few general rules can be suggested for the 
guidance of the young aichitect, who can scarcely 
devote too much thought to the arrangements of this 
plan. The position of the entrances and staircases 
in town buildings must be influenced by tliat of the 
main street frontage ; and as these sites are generally 
botli costly and limited in area, compactness must be 
combined with a due regard for convenience. When 
the frontage is a narrow one, the entrance should be 
placed at one end of the building instead of in the 
centre, as larger and better proportioned rooms can 
be planned. Special entrances must frequently be 
provided for various portions of the building, also for 
lurries, vans, and goods. If the site has frontages to 
two streets, it is advisable to place the main entrance 
in one and the goods entrance in the other. The 
former should never give direct access to the interior 
of the building, — an intervening vestibule or lobby 
should be shown on the plan. When the greatei* 
portion of the frontage is taken up by shop windows 
or other large openings which are not arched over, 
the architect must show on his ground plan a system 
of iron supports and girders, or beams, instead of or 
in addition to masonry or brick piers, to carry the 
upper stories of the building. The staircases should 
be placed within easy reach of the main entrance. In 
public buildings they are important architectural 
features, and should be planned on a large scale, but 
in buildings intended for utilitarian purposes appear- 
ance and design must give way to convenience. In 
town buildings the staircases must genei'ally be lighted 
by means of skylights placed over well-holes, which 
should be made as wide ae space will allow, or by means 
of borrowed lights. It rarely happens that portion of 
a valuable frontage can be occupied by a staircase. 
Occasionally, light can be obtained from an internal 
area or yard. The general arrangement and grouping 
of the rooms on this plan will depend, of course, on 
the purpose for which the building is required. All 


principal rooms should open directly on to a corridor, 
hall, or staircase. Only in special oases should one 
room be entered through another. All the main walls 
should, as far as possible, be carried up from the 
basement to the roof. The young architect should 
studiously avoid erecting a wall on a girder or beam 
carried over a room, and should only adopt false 
construction,’' as it is oalled, after eveiy other means 
of providing for his clients’ requirements have been 
tried without success. Both girders and beams or 
supports must be clearly shown on the plan, the 
former with a dotted line. The supports must, of 
course, be shown on the basement, sub-basement, and 
foundation plans. 

The ground plan is generally the first of the con- 
tract diuwings which the architect prepares ; and it is, 
of course, absolutely necessary for him, whilst pre- 
paring it, to keep the plans of the other floors, the 
elevations, and especially the roof plan, prominently 
before his mind. If young and inexperienced, he 
may work out an excellent ground plan, only to find 
that the upper-floor plans will not “work in,” or 
that no reasonable combination of hips, valleys, and 
ridges will enable him to ** roof ” his building. Care 
must be taken in the preparation not only of the 
ground plan, but also of those of all the other floors, 
that all walls, piers, shafts, flues, chases, hoists, stair- 
cases, and every other ” vertical feature,” constructional 
or ornamental, extending through several floors, is 
shown on the plan of each. Every symmetrically 
arranged portion of a plan should be drawn from 
centre lines. Many of the suggestions made above 
on the planning of the basement and ground-floor 
plans apply equally to the preparation of the plans 
of all the upper floors. 

The Ueiianine floor 

is rarely required in buildings erected in this country. 
On the Continent it is a low story placed between 
the ground and first floors, for various utilitarian 
purposes, and is always treated, both internally and 
externally, as a subordinate portion of the building. 

The f irit-f loor Plan 

is in most buildings almost as important a drawing 
as that of the gi'ound floor, and is frequently worked 
out at the same time, so that the main walls, stair- 
cases, etc,, can be planned to meet the requirements 
of both floors. When the plans of the upper and less 
important stories are prepared, the general arrange- 
ments must necessarily be influenced by those of the 
ground and first floors. Some buildings, as for in- 
stance many churches and schools, require only a 
ground plan, as there are no upper floors ; and others 
(banks and insurance offices) have a first floor of com- 
paratively little importance, as the building is erected 
to provide certain accommodation which must necea 
sarily be on the ground level ; and when it hae been 
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planned, the main walls and st^ircaees are carried up, 
and entirely influence the arrangements on the flrgt 
floor* It may generally be assumed that the largest 
and loftiest rooms, in the majority of town buildings, 
are placed on the first floor. Thus in warehouses it 
contains the counting house and private oflSoes, in town 
i^esidenoes the principal entertaining rooms, and in 
many public buildings all the largest apartments. The 
general arrangement must necessarily be based on the 
position of the main staircase, from which all the rooms 
,must be approached as directly as possible* When they 
are required for a variety of purposes, those most fre- 
quented should be placed nearest the staircase, whilst 
rooms, staircases and corridors intended mainly for the 
use of those connected with or living in the building 
should be so planned that they can easily be shut off 
from the portion of the building intended for public 
use* Concert, reading, and other exceptionally large 
rooms, must be much loftier than the others on the 
same floor, and must be continued through the story 
above, in order to be made the necessary height. 
Portion of the second floor plan will consequently fre- 
quently become a gallery plan. The outside walls on 
the 'plan of the first floor are geneially drawn half a 
brick, or, if built of stone, three or six inches, thinner 
than those on the ground-floor plan. Additional space 
may sometimes be obtained by corbelling out a bay or 
oriel window, but in town buildings all projections 
are generally limited by building by-laws enforced 
by the local authorities* In houses erected in the 
country, intended for domestic purposes, the rooms 
shown on the first-floor plan are generally bedrooms. 
When they are being planned, the young architect 
must never forget the special use for which the rooms 
are intended, or he may find when too late that the 
windows, door and chimney-breast are so placed that 
DO room is left for the bed. It is usual to indicate its 
position on the drawing by a dotted parallelogram 
and diagonals. 

Tbs Baoond-Floor Flani 

are not, of course, always requmed, as many buildings 
are limited to two floors above the ground level. 
When they have to be prepared, all the features of 
the floor below — ipv instence, staircases, shafts, flues, 
hoists, areas, etc. — must be carefully obtained from the 
first-floor plan, and laid down on the drawing ; pro- 
vision must also be made for oarzying the roof. The 
architect is consequently considerably fettered in the 
planning of tltese floors. In some buildings they are 
almost exact repetitions of the first-floor plans. ' Thus, 
in workhouses and hospitals all the upper floors are 
generally formed into wards, and the same general 
arrangement is adopted on each story, with modifica- 
tions in the thickness of walls, number of flues,, etc. 
In dwelling-houses the whole of the upper floors are 
generally occupied by bedrooms, and the arrangement 


of the plans is entirely subsidiary to that of the main 
floors. In many warehouses the upper stories are of 
the utmost impoi*tance, on account of the good light 
that is obtained, and eveiy effort is made in the 
general arrangements of the plans to utilise them to 
the greatest extent; the window openings must be 
mode as large as possible, and the whole of the space 
in front reserved for the display of goods. In many 
bindings the upper floors are devoted to i es as varied 
as those mentioned in the remarks on th» planning of 
the basement or cellar plan.- The top floor of hotels 
and club-houses generally contains the kitchen, which 
must of course be planned so as to be in direct com- 
munication, by means of hoists, with the dining- 
rooms, streets, and the ooabcoUar. Billiard-rooms 
are frequently placed on the top floor and liglited 
from the roof, as well as picture gjillories, studios, 
etc. When special wants have to be provided for, 
the young aichitect must make himself thoroughly 
familiar with the object for which the rooms are 
required, so as to be able both to prepare his plans 
and to specify the materials and construction most 
suitable for them. 

Plan of Boof Timbari, 

This plan is essentially difiei-ont from those that 
have been described above. When the architoot is 
preparing the plana of the ground, first, and upper 
floors, he is entirely guided by the requirements of 
his clients, and the special object for which the 
proposed building is to be erected, his sole aim being 
to devise the best arrangement of rooms, staircases, 
entrances and corridors that the site will admit of ; 
but when engaged on the plan of the roof timbers, 
the architect's attention is entirely devoted to oon- 
stioiotion. This plan, like that of the foundations, will 
frequently require a number of small marginal sections 
to make it complete. If the roof is shown on the 
elevations, the general arrangement of the ridges, 
gables, hips and valleys must be taken from them, 
but if it is entirely concealed by parapets — which 
is generally the case with buildings designed in the 
Classic or Perpendicular Gothic styles — they can be 
arranged without reference to the elevations. After 
the ridge-pieces, hips and valleys have been drawn, 
add the purlins, principals, and pole or wall-plates ; 
they may bo, as already stated, indicated by centre 
lines, but it is advisable to draw them to scale, Tlie 
spars or rafters are drawn next, and tlien the details, 
including hip and valley boarding, gutters, cesspools, 
angle ties, and trimming for the chimney-shafts, sky- 
lights and dormers. If a lantern-light, etc., rises 
above the line of slating, the construction must be 
shown. The inclination or pitch of the roof depends 
on the style of the elevations. The dimensions of 
all the main timbers and ironwork must be figured 
in the drawings. 
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THE TSOHinCAL BTUDEVI'S ISTBODTTOTIOS 
TO TEE OEESSAI PBZEOIPLBS OE 
UECEAEICS. 

Laws AFFEOxiNa Natural Phenomena— Mattsb anp 
Motion, 

CHAPTER II, 

Wb concluded the preceding chapter by referring to 
the circunrmtances connected witli the working of an 
ordinary pmp, which led up to the diaoovery, by 
Torioolla in the sixteenth century, of the law of 
atmospheric. pressure* We do not say that this law 
would not have been discovered hod the contrivance 
of the pump not , existed ; but we have to deal with 
the fact that it was the existence of a pump which 
would not work under certain circumstances in the 
same satisfactory way that other pumps had worked 
under other circumstances, that did equally lead to 
the discovery of the law. And we find that this 
peculiarity in the history of practical mechanism or 
engineering has been exemplified in a wide variety of 
instances. Por generation after generation practical 
men had been devising contrivances to do useful work, 
and by patient labour had succeeded in introducing 
improvement after improvement, not merely in their 
general design, but in their actual construction, by 
improved methods of workshop practice ; and yet all 
had been done by what was literally rule-of-thumb ** 
practice* And it was only when not merely the 
amount but the comparatively efSlcient condition of 
mechanical work, boUi in structures and machines, 
had arrived at a certain important stage, that learned 
men began to apply scientific reasoning and research 
and mathematical investigation to all this wide variety 
of mechanical contrivances and structures, and di^ 
covered the formula and arranged the rules and 
calculations which we the successors of the meohanios 
of the olden times use daily in finding the exact 
forms and dimensions which give us the maximum 
of mechanical effect and strength with the minimum 
of material. But white this is true in the main, and 
while it is a point which practical men, so called, are 
apt to glorify themselves and ‘‘their craft*' in, it 
would be as unjust as it would be wrong for the 
mechanical student to decide in favour of the long 
and still contested point, that practice is before 
theory.'* On the conti*ary, this great fact must ever 
be borne in mind, that 

The iOomMnation of Theory and Praotloo is Mioiitial to all 
Veohanioal Progrois, to the Adaptatioa of Natural Pho- 
uomOaa, and to all the Proosists and Operatioas of Xadus- 
trial or Ksohaaieal Work. 

For the intelligent reader, exercising his gift of a 
fairly balanced mind, will not fail to perceive that the 
course we have above died, which is but one of many 
of a like kind, while it may, by the purely praotiod 
man, be applied as a proof of greater value of practice 
over theory, inasmuch as the sdentifio man or theorist 


could have done nothing without the work of the 
practical man, constitutes just as powerful a proof 
that theory is before practice, inasmuch as,^ had the 
theorist or man of sdenoe not discovered the law of 
atmospheric pressure, none of the wide range of prac- 
tical work which resulted from its knowledge would 
have been effected. Indeed, if the position as between 
theoiy and practice be forced forward, it would appear 
that ^eoty is the more important. For in these later 
days we have evidence abundant, enough of positively 
new fields for the work of the practical man having 
been created simply by applying laws and discoveries 
which the purely scientific man has found out. But 
little surely need be plaoed before the student to prove 
that the true position of the theorist and the prartioal 
man is, that each is essential to the other before the 
work in view can be actually done : the head can no 
more say to the hand ‘I can do without thee* than the 
hand can say the like to the head. As in the body 
social, so in that mechanical, all are dependent eaclr 
man upon his neighbour ; and the fields which each 
has to cultivate are surely wide enough, and the work 
to be done in each important enough, to give occupa- 
tion without any jarring of interests. From all that 
has been said— and we could say a vast deal more, so 
prolific and inexhaustible is the field of observation and 
research open to us — it will be seen by the student that 

A Xnowlsdge of Nttaral Laws sad of their Phtaomeaa li 
oiieatial to the Xeohtnio*— The Chreat Xnheritanoe of 
aeoumolated Pacts bestowed npoa as by oar Predeoessors^ 
—Its Yalae to the Btadeat aad Praotioiaa. 

All machines, however complicated in their con- 
struction and in the movements or motions which 
characterise them, when analysed or stripped of what 
may be called their outer integuments, will be found 
in every instance to be dependent upon some one 
natural law or another. In other words, the^ parts 
used by the mechanic, however much they may give 
evidence, as they do give evidence, of his intellectual 
powers in creating cotnhinoitiom to do certain work, 
could not possibly do that work if those natural laws 
did not exist, or existing as they do, if they were not 
obeyed ; or so controlled that they are not allowed 
to act, as they, can be controlled either wilfully or by 
ignoianoe, the most ingenious-looking arrangement of 
mechanical parts would be worth nothing, and this 
is simply the reason why so many xnaohines which 
promise fair are failures. It would appear/ there < 
fore, to the student that no one would be so foolish 
as to fight against nature, to use a familiar expres- 
sion. But the history of man in the mechanical world 
abounds with too many and too painful instances of 
wbat man has done and suffered in this very same 
and hopeless cause. If a correct knowledge of natural 
laws was possessed by practical men, we should find 
but few examples of wbat ktre called practical failures. 
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And the reason why we have made such enormous pro- 
gress in meohanioal work is simply this — that we have 
entered, so to say, into the inheritance aocumtdated by 
men in former days, in following olosely in the lines 
which natural laws indicated. It is impossible for 
us now to overestimate the value of this inheritance. 

Popular or Oonoral OvorlooUng of tho Biffloultioi ilio Early 
Workers had to do in bequeathing to ns the Valuable 
Inheritanoe of Aoouniulated Vaots. 

It is, however, too true that so far from being 
likely to err in this overvaluing of it, as a rule we 
seldom think about it, and when we do, we fail to com- 
prehend all that it conveys, or to think of what work 
our predecessors had to do, and the enormous difSksulties 
.they had to encounter at every step of their progress. 
We talk and write glibly enough of the wonderful 
work we do in this nineteenth century of ours ; but 
if ** judgment was to be laid to the line and justice to 
the plummet,” in this matter the decision would be 
.that our predecessors did in reality work infinitely 
more di£icult than we do. They had everything to find 
out and do : they had not only to find out all about 
materials, whether they were adapted or not to their 
purposes, but they had by patient labour, and this 
under the most disappointing and disheartening of 
trials, to find out and make the tools by which the 
materials were worked into shape and form, and fitted 
together to serve the object in view. And no less, 
but infinitely more disheartening, the efibrts must have 
been to find out how these purposes could be served. 
Every step, and that the least equally with the most 
important, had to be taken with infinite labour, and 
each attended, as all must have been at the first, with 
most disheartening mistakes. We have all this ready 
to our hand, and it is ever an easier thing for man 
to improve than to discover or invent, easier to do 
work with the accumulated experience of a host of 
predecessors, than when we have no experience of 
our own. It is comparatively easy to reach a certain 
point in a country when the road is laid out for us ; 
the hardest labour was what our predecessors had to 
do, not only in the making of it, but in finding out 
whether its direction would take them to the point 
to which they desired to go. This last point, indeed, 
which represents the root or base of a matter, is but 
too apt to be forgotten by those who trudge easily 
along the road, certain that it will take them to their 
destination. All labour such as this pointed out has 
been done for us, and as it is of necessity the most 
difficult, we have at least less occasion to talk and 
write so glibly of what we do. We are the last, as 
indeed we should be the last, to underrate the vast 
importance of the meohanioal work we actually do in 
this wonder-working age of ours. All that we here 
contend for is that the student should think well over 
how much we are indebted, in the doing of it, to those 


who found out not merely the lines upon which we 
work, but the appropriate materials and the methods 
of working those which seem essential to it. 

ValuaUi Ittions to bo leanied by tbo Btndont from tbo Toro- 
going Oironmitonoei In the Elitory of XeolLanioal Work. 
And this thinking out we do not recommend to 
the student of the laws of mechanics simply as an 
interesting object of study. It has thus an intense 
interest, but it possesses something more. Its 
educational influence is of the highest order, and the 
student cannot possibly rise from its, study without 
having learned lessons of the highest value to him in 
his daily practice \ nor is it at all unlikely, if he bo 
himself gifted with some at least of the attributes of 
genius, that in learning something of the discoveries 
of his predecessors he may be led to moke some dis- 
covery of his own. But if from the study we here 
recommend him he learns no other lesson than the 
habit of patient inquiry and laborious painstaking 
exertion, he will in truth be more than repaid for such 
work as the study has involved. And he will assuredly 
rise from it with tho profound conviction of the 
priceless value of the inheritanoe bequeathed to the 
mechanics of the present day by their ancestors, and 
he at least will not be disposed to take up and use, 
as a mere matter of course, aids and helps to work, 
without thinking of what had to be done by those 
who gave to them a practical existence. We shall 
find, as we proceed to glance at the natural laws on 
which all mechanism is based, numerous eyidenoes 
in illustrations taken from practice of the difficulties 
which surrounded the discovery even of points in 
construction and design of mechanism of which the 
great majority of us talk as if but trifles, to which 
no thought whatever is necessary to be given. But, 
leaving this wider illustration to future paragraphs, it 
will serve all the purposes we have here in view if we 
allude in the briefest way to circular motion or move- 
ment. This is one of the things of which we avail 
ourselves in a variety of ways, as a mere matter of 
course. But those to whom thought on the subject is 
new will doubtless be somewhat surprised to learn 
that there is eVery probability that it took man ages 
— a positive certainty that it must have taken at least 
many generations of experience in life — to find it out ; 
and when, to slightly vary the words of one of our 
ablest modern machinists, he did find it out, it proved 
to be one of the grandest mechanical discoveries he 
ever made, because it fitted in so conveniently with the 
nature of things as they exist in the world, or was the 
moat preferable and most convenient for man to deal 
with and control, to receive, store up and to convey 
force in motion. Of the points essential to be con- 
sidered, in this and in other departments of mechanism, 
full in^rmation will be found in the various para- 
graphs of succeeding ehapterg. 
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20. The OondltiOR of Belti u tffiotlng their Boonomlo Work- 
ing.— The Diilbrent Stnini to whioh the Sidn of the 
Belti Are expoied in Working. 

Notes Nos. 1, 2 , 6, 16, 17, 18 and 19.) 

In the various papers whioh form the text of the 
Technical Journal, the reader will have more than 
one example of the importance to the mechanic of 
considering how the condition of the materials or 
substances he uses in his work of construction affects 
the strength of those and of whait is teohnicaU7 
called their working **life.'' This is but another 
way of reminding the young reader that there is the 
best way, as there is also the worst way, in whioh 
a matez^ can be used — tending either to increase 
or lessen its powers to resist destructive force — and 
l)6tween those two. extremes there are, or may be. 
a series of changes of condition, each affecting the 
value of the material from a constructive or practical 
point of view. This element of ** condition ” is one 
too often overlooked by young mechanics, and by old 
ones also for the matter of that, and if so, to their 
great loss and disappointment. It is a point which 
should be thought over, and evidence on it, as given 
by experienced men, should be gathered as extensively 
as possible by the beginner in the art of mechanical 
construction. 

This element of condition is one whioh affects in 
the closest way the use of belting in transmitting 
power. We are now considering ** leather ” belting, 
AS that is the material most generally used. To one 
not considering the subject from every point of view 
(for remarks on this as closely concerning the success 
of a mechanic, see th^ opening or introduotozy 
chapters of the paper in the text entitled **The 
General Machinist *'), on examining a leather belt it 
would appear to be a matter of very little moment 
whioh side or surface formed the inner one, that 
is, the surface running in contact with the pulleys. 
Little difference between the one suzface and the 
other could be traced by a mere cursory inspection. 
But there is in reality a great difference in the con- 
dition of the two surfaces. Made from the skin of 
an animal, there are two surfaces, one of whioh was 
originally the outer, or that which, being covered with 
the fur or coat of the animal, is called technically the 


^^hair side’*; the other that whioh, of course, waa 
nearest or next to the body of the animal, and is 
therefore technically designated the flesh side'’ of 
the skin. Now, the skin as a whole is made up 
of a series of flbres," whioh may be likened to the 
threads or yams forming the warp or longitudinally 
running threads of a piece of woven cloth (see the 
paper in the text entitled “ The Factory Worker ”), 
Taking a strip of skin, or say tanned hide, of equal 
thickness and breadth throughout, and stretching it 
when laid or held perfectly flat by pulling at either 
end, the longitudinal strain thrown upon the fibres in 
this condition will be distributed, so to say, throughout 
the fibres of the hide, so that those of the top side 
or surface, or near it, will be pulled no more forcibly 
than those of the lower side or surface. This strain 
is called technically a tensile strain, tending to pull 
or separate the fibres asunder in the direction of 
their length, and is the strain to which the flat or 
free part of a driving belt between or after it haa 
left the pulleys is subjected. 

But the parts of a driving belt whioh are laid 
on, or pass over, the rounded surfaces or arcs of the 
pulley peripheries are under quite another condition 
of strain, or rather conditions of strains. If the 
reader has a thickish atrip, or what will be better, 
as showing the effects more clearly, a length of a 
rubber rod circular in section — and will bend it 
round so as to form as it were a circular loop or 
hoop— he will, on examining its upper or outer half, 
perceive that the fibres are considerably stretched; 
while those on the inner or concave side are com- 
pressed or squeezed together. And if, commencing 
by forming a small bend or loop, he gradually keeps 
enlarging its curve, the more he enlarges this the 
less stretched will be the fibres of the upper or convex 
part, and the less squeezed together or compressed 
will those of the lower or concave part be ; till at 
last, by gradual opening up of the curved loop the 
rubber rod is allowed to be^me flat, when the fibres 
of both sides will be equally free from strain. Or if 
the rod be pulled apart at both ends, the strain, 
as in the case of the strip of tanned hide, will be 
equal on both sides; and this strain will be a tensile 
one, or the rod will be under what is called tension. 
When the tod * is bent round a curved or circular 
surface, the fibres of the convex or outer part, 
farthest from the surface, are alone under tension or 
a tensile strain. The fibres of the concave or inner 
side, nearest or in contact with a curved surface, 
are in a state of compression, or are subjected to 
what is called a oompressile strain. And the smaller 
the diameter of the curved sarfaoe-^s that of a 
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pulley — the greater will be the proportional dififerenoe 
between the conditions of the fibres of the convex 
and concave sides of the rod or band — ^that is, the 
more will the fibres of the convex side be stretched, 
and the more completely will those of the concave 
side be compressed* And the force tending to destroy 
or rupture the fibres is the tensile one, or that which 
tends to draw out or separate them, the compressile 
or squeezing strain being comparatively or practically 
harmless. The young reader will find given in due 
course, in the series of papers entitled “ The Oarpen- 
ter,” explanations and illustrations of the different 

strains” to which materials are subjected by the 
action of forces or pressures. 

SO. Prsotloal Points oonnootod with tbs Working of Bolts in 
relation to tkoir Bnrfaoos. 

The losses and disappointments met with by many 
mechanics who have either overlooked in their piactice 
in constructing and fitting up of pulleys for driving 
gear of all kinds, or who have been ignorant of 
the ** conditions ” under which fibrous materials are 
placed in the circumstances above named, have been 
severe and numerous/ And those ** conditions ” affect 
all kinds of driving media, whether they be in the 
fwm of belts or sttaps or ropes or bands of leather, 
or hide, or india-rubber, or cotton, or of hemp, 
manilla, steel or iron wire. The working ‘‘life,” 
alike of a driving “ belt " of leather, or of a “ rope ” 
of iron or steel wire, dependent upon several condi- 
tions which will be hereafter named in the series of 
“ Technical Notes,” is perhaps more influenced by the 
way in which the proportions of the pulleys in regard 
to diameter or “size” are designed, than upon any 
other condition. Other circumstances being equal, 
the larger the diameter of the pulley the more likely 
is the “ life ” of the driving media, be it belt or rope, 
to be extended. The evils of the converse, or opposite 
of this, have been, as we have said, experienced by 
not a few, to their great loss and disappointment* 

But there is this difference between a driving rope 
or band, and a diiving belt or strap of leather. In 
the rope or band, of whatever material it be made, if 
well made, all the fibres are of equal strength. So 
also in a belt or strap of cotton, or of vulcanised 
india-rubber, or of gutta-percha. But the belt or strap 
of leather, being made of the skin or hide of the animal 
— generally cattle — is under different conditions, the 
fibres of the two surfaces of the skin or tanned hide 
being of different structure, so to say, and strength. 
The “ flesh side ” of the skin, and of course, ultimately, 
of the tanned hide, of which the driving belt is made, 
gives the strongest fibres; and this, the stronger side, 
extends through the skin or hide to about one-third 
of its full thic^ess. The “ hair side ” — frequently, if 
not, indeed, more generally termed the “ grain side 
is more dense and compact in its fibres than those of 


the flesh side, and their tendency is to crack or open 
up, while that of the fibres of the flesh side is to give 
way or extend under a tensile or stretching-out force 
or strain. The compact character of the “ grain ” or 
hair side gives also greater smoothness to the surface, 
and a fuller or ^vider bearing of it on the surface of 
pulley is therefore secured. As showing the difference 
in point of strength between the flesh side of a 
tanned hide or leather belt, and the grain or hair 
side, the following experiment may be cited. A belt 
was split down the middle of its thickness, thus 
giving two belts or straps, one of which was the 
grain or hair side, and broke under a direct strain 
of 468J lb. ; the other was the flesh side of the 
leather, which took a much greater weight (740J lb.) 
to break it. 

Noting these fticts — which have by observation and 
experiment been proved to be so — one would conclude 
that there would be no diversity of opinion as to 
which side of a belt should run in contact with the 
pulley surface, and remembering them always in con- 
nection with the conditions of strain to which driving 
belts are subjected, as explained in Note 2, p. 39. Yet, 
notwithstanding this, great diversity of opinion and of 
consequent recommendation for practice does exist 
amongst mechanics who have had much to do with 
belt driving gear. Thus the young or inexperienced 
reader, after being made acquainted with them, would 
be somewhat puzzled to meet with this dogmatic, 
confident assertion — which has, however, been made — 
“ Every vne knows that the strength of belt leather is 
in the hair side.” 

If this were so, the obvious inference would be that 
a driving leather belt should be so placed on the 
pulleys that the flesh side should be next or run upon 
the surfaces of the pulleys, thus throwing the grain 
side or hair side to the outer or free sui'faoe. Now, we 
have seen that the grain or hair side is that which, 
being most compact, is apt to crack or open up under 
strain, and that the greatest tensile or opening-up or 
stretching-out strain is on the upper side of a belt 
bent over a curved surface. This placing of the 
grain side outside is the very worst and weakest 
position in which it can be worked. The grain or hair 
side should, on the contrary, be next the pulley, as 
in all good practice it is, and as recommended — not- 
withstanding the diversity of opinion we have alluded 
to — by the great majority of — indeed, nearly alii— good 
mechanics. When the grain side is thus placed, the 
flesh side, being now outside, is precisely in that 
position in which the condition or character of its 
fibres enables them to resist the tensile strain thrown 
on them by passing round the curve of the pulley. 
The grain or hair side gives also better adhesion or 
“ friction ” to the belt, the surface being compact and 
smooth, so that the greatest part of it lies on or grips 
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the pulley, which would not be the case with the 
rougher fleeh aide. 

This explains how also the grain or hair side next 
to the pulley aurfaoe gives greater driving power to 
the l>elt so placed. This is estimated at one-third 
more than the power obtained by a belt placed the 
converse way. The results of a seriee of experiments 
made by a house having a high reputation in belt- 
driving power may be thus stated, showing the 
comparative working value or percentages of strength 
or of driving power of leathern belts driven in the 
two ways we have noted, and of belts of other materials. 
Thus a leathern belt driven with grain or hair side to 
pulley gave 31 per cent,, or say one-third more driving 
{>ower ; driven with flesh side to pulley 23 per cent., or 
less than a quarter, A vulcanised india-rubber belt 
gave 21 per cent., or but a little lower than the lost 
named, a gutta-percha 14 per cent., and a canvas 
band 1 1 per cent. Stated another way, ** a leathern 
belt gi'ain side to pulley will drive 34 per cent, more 
than flesh side to pulley, 48 per cent, more than 
india-rubber, 121 per cent, more than gutta-percha, 
and 180 por cent, more than canvas.’’ 

87* The Kew Btsnd^d Wire and Ketsl Gaugei.-^TlLe 

miaghsm*’ and <*Lanotildre’' Wire 0aagei.— Yarions 
Teohnioal and Oonitmetive Points eonneoted with the 
SnhJeot of Interest to tho Teohnloal Stndent in Oon- 
itrnotion. 

In Note No. 7, p. 85, we gave tables of the *‘New Legal 
or Standard,” the Birmingham, ’’and the Lancashire’’ 
wire gauges. In examining the Birmingham,” the 
oldest and most widely used of all the gauges, and 
which is the base of the New or Standard gauge, it 
is difficult to see upon what principle it has been 
arranged. On its, face it bears evidence that its 
various dimensions were more matters of chance than 
of a guiding principle. Many attempts have been 
made to ascertain the manner in which the dimen- 
sions of this gauge arose, and ho'i^ they were reoorded. 
What appears to us to be the most likely way in 
which these dimensions were established is that sug- 
gested by Mr. Latimer Clark. It is, to say the 
least of it, a cbmmon-sense way of accounting for 
what, it must be confessed, it is not now an easy 
.matter, if indeed it be a possible thing, to account 
for in such a way that it will be accepted by all as 
the precise meth<^ by which the gauge as it has so 
long stood was arrived at. Considering the period 
at which the Birmingham Wire Gauge— designated 
in all contracts, specifications, etc., by the letters 
“ B, W. G.” — was introduced, now very many years 
ago, it is not likely, as Mr, Clark remarks, that they 
called in or themselveB adopted the aid which mathe- 
matical or physical science could have given them. 
The almost certainty, simply looking at the facts and 
circumstances of their work, and the period in pur 


mechanical history at which they lived, is that they 
just took the sizes of wires as then made, and from 
them constructed a wire gauge, in which they would 
be included, and with which other and new sizes would 
be compared. At one time, and of necessity from lack 
of power and appropriate machinery, all wh*e waa 

drawn,” to use the technical phrase, by hand power 
or manual labour. The largest size then made was 
three-tenths of an inch in diazheter. This might be 
said to mark the outside or extreme limit to which 
hand power could go in the operation of wire drawing. 

It may well and safely assumed that this, the 
maximum diameter which hand power could give, 
would have been exceeded had that power been 
greater, for there was no reason to stop at this size 
— many business reasons to exceed it, as it has 
since, with greater power at command, been exceeded. 
And it may also be safely assumed that the precise 
dimensionB which this the largest wire then drawn 
possessed, were much more a matter of chance than of 
a predetermined desire to have it of this diameter. 
Taking this the largest size of wire then made, the 
wire drawers would make at one operation or “draw” the 
next size most conveniently drawn ; from this again 
they would “ draw *’ at one operation the next size ; 
and BO on till the smallest wire made would have a 
character so small, or the wire would be so “ fine,” 
that it would be represented by some thousandths of 
an inch. The operation of reduction with the hand 
power only at command would always be the easiest, 
and would, in fact, only be limited by the purity of 
the metals used, and by the high percentage of exten- 
sibility, or, to use the very graphic word coined by 
Mr. Clark, “ drawability.” 

In process of time the “wires” thus sent out to 
tlie “trade” would become so extensively used, and 
in something like a regular way dep^dent upon their 
diameter or size, that a means of referring to them 
in definite and generally understood terns would be 
demanded, To meet this essential in drawing up 
contracts or specifications, or in sending orders ” for 
supplies of wire, which would probably be the first and 
most urgent cause, the manufacturers would see the 
necessity of establishing a standard or system by 
which all the wires could be ** gauged,” to use the 
popular phrase, and referred to in a definite way, 
recognisable and accepted at once by the makers and 
the users. The easiest way would l)e to give to each 
size or diameter of wire a certain fixed and invariably 
used “ number.” And the series of numbers sufiioi- 
ently great to take in all the sizes then made would 
naturally begin with 1. And this would as naturally 
be given to the largest size of wire made— three- tenths 
of an inch in diameter, as ' we have seen — ^which 
would therefore be called “No. 1” of the gauge,., 
the desoending series in size being of course indica^ 
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by amending miinbers. The next, emaUest sice di'awn 
at one operation would thus be ** No. 2/* and bo on. 

That this was the ocsiirfie adopted ijs in a measure 
proved by the evidence of the ** B. W. G." as estab- 
lished. For we find that, a new power being given 
to the wire drawers, they' could draw wires much 
thicker than, three-tenths of on inch in diameter — 
the ** No, 1 of the ** B, W. G.” With each unit of 
increase, they had to find a new number for it in the 
•gauge; but as they had already established ‘‘No, 1,*’ 
and as descending aises had ascending figures allotted 
to them, they had no alternative but to go backwards, 
go to say— that is, in the “zero’’ direction. Thus 
the size above three-tenths of an inch — ^No. 1 — was 
called “No. 0,” and the next largest size would 
obviously be “ No. 00,” or “ No. 02,” and so on. We 
have thus mdireot proof, so strong that it may be 
taken as direct, that when the “B. W, G,” was estab- 
lished, the largest size which could be practically, that 
is, in an economical or business paying sense, drawn, 
was three-tenths of an inch, or what was called, and 
is still called, “No. 1.” 

The various gradations of sizes drawn in the earlier 
times we have referred to would have their relations 
to each other decided in like manner— that is, by the 
circumstances under which the work was done. For 
we may safely assume that, as in the standai-d sizes 
adopted, so here, there would be no abstruse mathe- 
matic'tl or delicately adjusted physical aids called in 
to define the precise relation which an ascending 
number, as “ No. 5,” would have to the one preceding, 
or “No, 4,” or to the next ascending number— 
“ No. 6.” This relation would be decided by circum- 
stances, or, to use Mr. Olark’s words, the “relation 
of the succeeding sizes would be determined between 
[by] two considerations.” For economical or “ paying ” 
reasons, the wire drawer woidd aim at drawing down 
the wire to the smaller size, or the smallest size 
possible at one operation or “draw.” This would 
obviously be cheaper than to get the size by two or 
more “draws.” But this work would clearly be 
limited by the “ power ” he had at command, as well 
as by the character of the metal, or its cohesive 
strength, he employed. Practice would in process of 
time enable the wire drawer to balance, so to say, 
those opposing forces ; and thus a “ mean,” which 
would 1^ the most profitable or best paying, would 
naturally be established in the manufacture, which 
would give a series of definite sizes. If the diameters 
of these were transferred to, or their dimensions out 
out in, narrow strips or slots in the edge of a plate, 
and if to each of those a number were given, arranged 
in the way we have already stated, the maker and the 
user alike would be able to determine the diameter or 
the “ size per gauge ” of any given wire, or the thick** 
ness of any piece of sheet iron or metal, by simply 
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passing in the given wire or piece of metal into the 
dot corresponding to it in size in the plate, which 
would in itself be the me^uring plate or gauge. 

Such may be taken as a fairly common-sense 
explanation of the way in which the “ B, W, G. ” was 
established; and if it be correct, it might be pre- 
sumed that in investigating the series of numbers or 
sizes there would be a “ constant relation between the 
breaking strength of each wire, and the resistance 
opposed to the draw-plate in drawing it down from its 
original diameter.” Such a relation is found to exist. 
There are several points connected with wire gauges 
which are not only interesting, but having a wider 
application than to this subject alone, are well worthy 
of the consideration of the young student in mechanics. 
To one or two of these we shall devote our next note. 

86. Beiiwntr SUsl Oastings.— Method of WorUng to eniure 
Boundneii sad Solidity. 

In Note No. 8 we opened up this important subject, 
and concluded by a reference to the lack of homo- 
geneity or uniformity in the metal — ^which, unfortu- 
nately, in too many cases, is its characteristic. To 
one conversant with the process (see “The Steel 
Maker ” in the text), and to those who have seen the 
Bessemer metal “ turned ” into a large ladle ready to 
be run into the ingot moulds, one can easily under- 
stand how the opinion to which in the former note 
we alluded is prevalent among so many, that it is a 
ladleful of a material which, in its apparently un- 
settled, seething, boiling condition, is by no means fitted 
for giving sound, solid, and homogeneous castings; It 
would seem to be the very nature of the process to 
yield this condition, to which the term “ frothy” might 
be applied as giving some idea of what it is. To 
compare small things with great, the mass is like a 
beaten-up egg which has been whipped up to make a 
light porous syllabub, or one of those pretty tempting 
dishes to which, in our ignorance of cookery, we can- 
not now give a name. The beaten-up egg presents a 
very different appearance from the homogeneous and, if 
we may so call it, the solid or close condition of the 
egg before it was beaten up. Now, this seething, boiling 
mass of Bessemer steel, as it comes from the convertei> 
is not in a fixed or a permanent condition — which, as 
some maintain, cannot be altered, but must convey 
or retain its characteristics when the metal has been 
cooled and settled into its solid condition. To return 
to our illustration^ it is like the whipped-up egg; 
the process of converting has done for the metal 
what the beating did for the egg, and a light, porous, 
blown-up mass is the result. It is well known, how- 
ever, to those who have much to do with the mixing and 
agitating of various subster^, that a mass which has 
been so agitated that it has become frothy, porous, and 
hon^oombed, may, by having thrown into it or mixed 
with it some other substance in a different condition, be 
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made, so to ra.y, to collapse or fall down or subside, the 
frothy condition disappearing and a close or what may 
be called a solid state resulting. The bulk of the mass 
is the same, but its physical condition is different. The 
substance thrown into it, which has acted as the quieting 
or solidifying agent, may or may not be a deteriorating 
substance, and if it be, the object in view of the 
operator will be to throw in as much of it as will 
complete the quieting or settling, and no more. Now, 
in Bessemer steel we have a case precisely analogous 
to this now illustrated. The very lively” state in 
whicli the steel is on being passed into the ladle 
is found to be BO amenable to the action of certain 
substances, that it may be soothed or quieted down 
until it is got into that condition in which it will 
give sound and solid castings. Those substances 
thus so valuable are ferro-manganese, silicide of 
manganese, or silicide of iron ; and they ai-e just as 
available and valuable for Bessemer steel as they are 
known to be in steel made by any process other than 
that of the Bessemer converter. But in the works of 
Henry Bessemer and Oo., of these soothing or quieting 
agents, ferro-manganese is the only one used. And, 
fis stated by Mr, W, D. Allen, of this Company, who 
read a paper before the ** Iron and Steel Institute ” 
last year, and which forms the basis of the present 
note,” a ladleful of Bessemer steel Jidftctousfy alloyed 
with ferro-manganese “ will run dead and lie perfectly 
quiet, sinking into the mould like ordinary oast iron, 
and a large dead head will always be necessary to feod 
the casting. In this way are cast cranks, side-cranks, 
cross-heads, cylinders, rollers, spur-wheels, and various 
other similar pieces of machinery, which, when finished 
bright over their whole surface, sliow neither blow- 
holes nor blemish of any kind.” We have above 
italicised tlie word judiciously,” for it is to be here 
noted by tho reader not intimatoly acquainted with 
all the details of the steel -making process that the 
quieting, soothing substances or alloys above alluded 
to, are in themselves, in relation to the Bessemer 
steel with which they are mixed, impurities. If they 
be in excess, they give a harshness and hardness to 
the steel, taking from it in like proportion 
beautifully soft, ductile nature ” which is the charac- 
teristic of good Bessemer steel. We have just used 
the word ** mixed.” To return to the familiar illus- 
tration we gave at an early part of this ** note,” it is 
known that, by throwing in a certain solid substance 
in the shape of a powder, a frothy, puffed-up liquid 
will be quieted. But the quieting process is only 
partial, and is not completed until the whole mass is 
thoroughly stirred, mingling the ‘*quietener,”so to term 
it, and the liquid together. Now, apait from any 
effect in this direction of the process or ** blow ” (see 
**The Steel Maker” in the text) itself, the act of turning 
the metal from the converter into the ladle created 


such an agitation or violent action that the materials 
were most imperfectly mixed. To express the con« 
dition in popular language, in place of lying closely 
together they are separated by bubbles of air, just as 
the beaten-up liquid or semi-liquid of the egg already 
noticed became frothy, and, as the familiar expression 
has it, full of air; and just as gentle, continuous 
Stirling is substitute for the violent agitation of the 
whipping or beating of the egg liquid, so does the 
frothy condition subside and the mass become homo- 
geneous. The same result would ensue if the frothy 
mass were allowed to remain perfectly still for some 
time, the air gradually escaping from the mass; 
or a like result would follow if it were very gently 
poured from one vessel to anotlier, and this more than 
once, according to circumstances. To get rid of the 
“ occluded ” gases (for this term see the “ Oycloptedio 
Technical Dictionary ”), a method has been introduced 
of treating the Bessemer steel while in the ladle, and 
this simply by stirring it with a mechanically worked 
“ agitator.” To some of our readers it will appear an 
odd thing to stir a huge mass of molten st^l at an 
excessively high temperature as one stirs his cup of 
tea ; and certainly, on looking for the first time at a 
huge ladleful of tho glowing mass of melted metal, it 
does seem a daring idea to take in hand to stir it. 
What kind of a spoon, the young reader may ask, can 
be used which will not be itself melted 1 and what 
stirrer can be found which or who can stand the fierce 
heat raging above and around the ladle f These and 
all other points will be explained in a sucoeoding 
<<note,” which will embrace a brief description of 
this most important improvement in Bessemer steel 
making. Meanwhile we conclude this by stating, 
in relation to the question of Bessemer steel castings, 
that Sir Henry Bessemer himself, in the discussion 
which followed upon the reading of Mr. Allen’s paper, 
already alluded to, stated that he had “seen such 
(sound) castings made by the hundred without a single 
(gas or air) bubble, and without the “agitator” it 
would have been impossible, even with the hammer, to 
hide the bubbles.” 

Se. l&aigo Printing on Oalioo. 

Natural indigo has long held — and notwithstanding 
many substitutes, yet continues to hold — an im- 
portant position amongst dye wares. Indigo dyeing 
is comparatively a simple matter, and also the pro- 
duction of a variously-coloured pattern containing 
light and dark shades of indigo blue, by the discharge 
process ; but indigo dyeing and discharging are 
expensive processes. Indigo printing is more difficult 
of accomplishment, and according to the old methods 
is unsatisfactory, only light shades of blue being 
obtainable. The subject of dyeing and discharging 
indigo blues will be found treated in the papers on 
“ The Calico Printer.” Beoently much attention hae 
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been devoted to the producing of indigo blues direoUj 
upon calico by printing. Perhaps the hitherto dis* 
appointing results obtained with artificial indigo and 
other substitutes for the natural product, have induced 
fresh efforts to be made in this direction. The follow- 
ing process, more or less modified according to varying 
circumstances, now adopted by many large firms on 
the Continent and in this country, is that carried on 
at the works of Messrs. Schlieper and Baum, of Elber- 
feld. By its means blues of any depth of shade, and 
in a great variety of patterns — either singly, on white 
or on Turkey red cloth, or combined with several 
other colours — may be obtained, and at a considerably 
less cost than that of the dip or indigo dye and 
discharge process. 

For indigo printing a special shop is built, and 
arrangement is made for the prevention of draughts 
in the room \ moreover, it ought to be kept at a 
uniform warm temperature. Each printing machine 
is provided with a special arrangement for drying the 
cloth both before and after printing, and also a special 
steaming apparatus. The principle of the process is 
the reduction of the natui'al indigo to white indigo by 
the action of glucose in presence of an excess of caustic 
alkali and steam, and the absorption of the solution 
ef white indigo by the fibres of the cloth, and the 
subsequent ooddation of the indigo, wliich remains 
firmly fastened in the fibres of the cloth. 

1, The Preparation qf the Cloth for Printing upon. 
— The cloth, whether white bleached calico or Turkey 
red dyed cloth, is first run through a solution of 
glucose (grape sugar) at 12° Tw., in a preparing 
machine, and squeezed between rollers and dried. 
Immediately before printing, it is necessary to dry 
the glucose-prepared cloth a second time, glucose 
being hygroscopic. 

2. Preparation of the Colour** for Printing, — A 
standard colour is first made by grinding 25 kilos, of 
good indigo, containing 70 per cent, of indigotm, in a 
granite mill, with 50 to 70 parts of water, for two 
days. As much water is then added as will make 
the mixture weigh 125 kilos. ; tins is removed into the 
ii'on pan of a balance, the pan being suspended in an 
empty trough, the other pan outside the trough con- 
taining the weights ; 50 litres caustic soda solution at 
70* Tw. are then added j then 58*53 kilos, solid caustic 
soda 90% are added, and the mixture stirred with an 
iron spatula and kept at a temperature of 40” 0. 
by means of running water into the trough. This is 
called the standard colour, and from it any desired 
shade of printing colour is prepared. It is preserved 
in iron boxes, with hydraulic lids, to prevent access of 
air, the carbonic acid of which would form crystals of 
carbonate of soda in the colour by uniting with the 
caustic soda. 

To prepare the colour for printing, 8 kilos. British 


gum and 1*5 kilo. Indian com starch are mixed with 
8*75 kilos, cold water, in a pan standing in a cold 
water bath ; 19 kilos, caustic soda at 70° Tw. are then 
gradually added and stirred with a wooden spatula, 
27 kilos, of the standard colour, as prepared above, 
are then added, and the mixture is well but slowly 
stirred. Less or more standard colour than this 
quantity may be added if a lighter or darker shade of 
blue is required, but in any case the standard colour 
and caustic soda together must weigh 46 kilos, j the 
difference between this weight and the weight of the 
standard colour must therefore be made up with 
caustic soda. The standard and soda having now 
been added, the mixture is heated to 70° C., with 
constant stirring, and then cooled. The colour is now 
ready for printing ; it may be preserved uninjured for 
several months in hydraulic pots, 

3. Printing the Colour. — The colour, colour-box, 
and doctor ** are made tepid warm ; the colour being 
very thick is constantly stirred during printing, and 
the glucose-prepared and dried cloth is printed in the 
ordinary way; immediately on leaving the printing 
roller it passes along a warm iron plate, then passes 
into a long box through which is passing a current of 
air at a temperature of 70° 0., by which it is dried to 
such an extent that to the touch it is but very slightly 
moist. 

4. Steaming the Printed Cloth, — The printed cloth 
now passes out of the air-drying apparatus, and is 
allowed to cool, and at once passes into a specially 
constructed steaming chest, containing pure steam 
free from air, and in 20 seconds passes out. Tlie action 
which takes place in this steaming operation is the 
key to the whole process. The soda attracts moisture, 
and the solution of soda and glucose acting upon the 
indigo reduces it to white indigo, which dissolves in 
the caustic soda and penetrates the fibres of the cloth. 
On coming out of the steaming chest the pattern is 
thei’efore olive-brown-coloured, and quickly oxidises 
to blue by exposure to the air. The printed pieces 
are taken and run open through a washing machine, 
and most of the soda and glucose thereby washed out ; 
they are then squeezed between rollers and exposed 
to the air for a short time. Next they are waslied in 
an ordinary washing-machine, in the rope form, and 
dried on drums, which completes the oxidation of 
the indigo ; lastly, they are passed through very dilute 
caustio^Moda at boil, washed and dried, and the cloth is 
ready for finishing like ordinary prints. 

The cost of the colour, with the present cost of 
materials, as above described, and containing 27 kilos, 
‘'standard*' colour in 54 kilos, printing colour, amounts 
to 3s. Hd. per piece of 66 yards; dip or dyed blue 
of the same shade costing 3s* ; the cost of both 

varying equally, of course, with the price of indigo. Tlie 
above is a description of single indigo blue pittem, but 
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•different effect® may be produced by employing a rtiitt 
containing precipitated sulphur and 'padding; also 
oombinations with alizarine are produced. But space 
does not permit of our entering into these variations 
in the process, 

SO. Data TTstfol In Xachanloal Oalenlatloni, and in making 
out Bstimatsi for Work. 


<1} Weight in peundi and decimal parte qf pmnde (fa otdtio 
foot and a culio inch qf Different MctaU* 



cub. ft. 

cub. In. 


cub. ft. oub.in. 

Oast iron 

. 450*6 

0-260 

Copper . 
Lead . 

. 649-2 

0-817 

Boiled malleable 


. 709-6 

0-410 

iron bar 

. 486*8 

0*281 

Tin. • 

, 465*6 


II 

. 489-6 
. 489-0 

0*288 

0-288 

Zinc « 

. 429 

0-248 


(2) Weight in pcunde of a equare foot cf Varicne Metate 
one^eioiteenth of an inch in thichneee. 

Oast iron, 2'34 lb, ; malleable or wrought iron, 2*52 ; 
steel, 2*65 ; brass, 2*73 ; copper, 2*89 ; lead, 3*70 lb. 
When three-sixteenths in thickness the weights in 
the order above given will be: 7*03, 7*67, 7*66, 
8*20, 8*67, 22*25 lb. The intermediate thickness, or 
one-eighth of an inch (i.s, ^), will be found by doubling 
the weight per foot of the one-sixteenth thickness. 


<3) Weight in pounds of a square foot of Sheet Iron or Plate 
in various thi(ihnesses. 


^th inch thick- 2*64 lb. 
ith „ „ - fi*06 „ 

ith „ „ -10-10 „ 

J ths — Id „ 

»» »t 


. Itbainoh thick -2A-20 lb, 
4ths „ „ — 80*S1 „ 

|tbs„ „ -88 „ 


<♦) Weight in pounds per lineal foot of Wrought Iron Pods 
or Round Bars qf various diameters. 


2 in. diameter 


10-47 lb. 

1 in. diameter 

-2*61 

„ 

tl 


9*8 „ 

Jtbs „ 


-2-00 

Ijtbt 

tt 

m 

8*01 „ 

ilhs „ 

ti 

^Vi7 

Ifth. „ 

}f 


«91 „ 

(tbs ff 

II 

*.1*02 

11 „ 


m 

6*89 „ 

i .9 

If 

- *654 

Hthi 


w 

4*94 „ 

itbs „ 
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81. Portland Cement Oonorete. 

In Note No. 3 we gave a brief general description 
of Homan and Portland cements, their constituents 
and relative strength ; and we now proceed to put 
together a few notes as to their practical use. Practi- 
cally these will refer, as a rule, to Portland cement 
concrete. It need scarcely be said that, to get good 
results in construction, the best^oertainly, at the 
least, good — Portland cement must be employed. 
It is perhaps less necesseiy, unfortunately, to say 
that this involves the fact that there are bad as 
well as good qualities in the market. Adulteration 
is not more likely to stop at oement making than at 
any other branch of manufacture ; and where it can 
be easily canied out, as in the case of this oement, 
it may well be^ understood that it is frequently so. 
There are, indeed, in the market Portland cements 


which are so only in name, not in fact, and which 
are not worth having at any price where good, 
sound, honest work is looked for. It is not, however, 
always easy to detect the presence of adulterating 
material But, fortunately for the purchaser who 
does only honest work, the adulterating materials 
generally used lack the feature of ponderosity which 
the true oement possesses. This affords a means of 
knowing the quality of any oement sold as time and 
good — namely, by its weight. Portland cement, to 
be good, should weigh not less than 102 lb. to the 
bushel measure. But in our practice we preferred a 
heavier weight— nsay of 110 to 112 lb. For the best 
work the maximum weight should be used. Where 
the amount of work to be done is extensive, the 
tensile strength of the oement should always be tested. 
The t^sile strength should not be less than 300 lb. 
to the square inoh. A range from this to 350 lb. 
may be oonsiderod safe. The cements made by our 
best manufacturers show, however, a far higher tensile 
strength than this — 450 lb., and up to a fraction 
within 500 lb,, being often, and indeed as a rule, 
obtained. Where the architect or engineer has large 
weights of Portland oement to deal with, it will be 
well to have it tested in regard to its ohemioal 
combinations or constituents, as well as to its tensilb 
strength. A few remarks on these two testa will be 
useful here. 

In respect to its chemical character, the percentage 
of lime is a point of the greatest importance, any 
excess of this hbing very prejudicial to the strength 
of the oement. This may be ascertained by what 
may be called a chemical test, and, as is generally done, 
by a physical on^. In a pure or well made cement 
the lime is not present in the form of a carbonate of 
lime, analysis showing the absolute absence of this, 
although it is present in the **8lip” or ‘'slurry,*^ or 
first semi-liquid mixture of the materials before they 
are calcined, and this to an extent of more one^ 
half. But oement is, as we have said, but too frequently 
adulterated and amongkt adulterating materials, 
ground limestone or chalk is employed. The presence 
of this can be detected by the use of muriatic or hydro* 
chloric acid. A weight of 5 grammes of the oement 
may be taken to be tested, and the acid to be poured 
on it is diluted with water in the proportion of four 
parts of water to one of pure acid — 50 grammes of the 
dilute acid being used for 5 grammes of oement ; or 
in like proportion if our weights be used. The dilute 
add being poured on the oement, and the whole well 
stirred with a gloss, wooden, or gutta-percha rod, if 
chalk or limestone be present effervesoenoe or ebullition 
takes place, and the amount of this may be taken as 
roughly determining that of the adulterating material 
used. In puzwdement no effervescent will take place, 
as lime is present only in w;hat may be called the 
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ooxubined foim, with a small percentage from l|th8 
to 2 jrd of sulphate of lime. 

When there is an exoass of lime which has not 
been properly combined in the calcining or burnings 
there is a tendency in the cement to crack or disinte- 
grate when exposed to atmospheric infLuences^ under 
the ordinary conditions of building, or when used for 
hydraulic work— the cracking being caused by the 
expansion of the lime in excess* The presence of this 
is ascertained by the physcal test we have alluded to. 
This is carried out in a very simple way by taking a 
sample of the cement and making, with the aid of 
water, a small mass of concrete. This should be 
formed into small cubical masses, and those— in num- 
ber as many as may be deemed desirable — placed on 
pieces of slate, and allowed to “ set.” On being ** set,” 
the masses, along with the slates on which they rest, 
should be immersed in water, and allowed to remain 
quiescent therein for a period of not fewer than three 
days. And it is obvious that the longer the masses are 
allowed to remain in the water, the better will be the 
test. If after two or three days the masses show no 
cracks or evidences of disintegration or breaking up, 
it may be decided that there is no undue excess of 
uncombined lime. In forming the tost masses or 
lumps, the quantity of water for mixing up, or making 
the concrete with the cement, should be as small as 
possible, consistent with the free working of it into 
the masses required. The more shapely, so to say, 
these are made, and the more regular their surftices, 
the better, as the facets or comers will so much the 
better display any oracks or tendency in the concrete 
to crack or disintegrate. 

We may conclude this note by stating that the 
acid test for lime or chalk adulteration maybe applied 
when it is supposed that ground slag — from its fine- 
ness — has been used as an adulterating material. When 
a dilute muriatic acid is mixed with the cement, the 
solution takes a yellowish hue should the cement be 
free from the adulterating material, and does not 
become tinted; but if this be present, the solution 
becomes tinted or milky, and a strong smell of 
sulphuretted hydrogen gas is felt, this arising from 
the presence of sulphur in the slag. It is right, how- 
ever, to state that in Germany the manufacture of a 
cement from pure iron slag is earned on, and the 
quality in its tensile strength is stated to be beyond 
the usual standard. We requii*e, however, to have 
more definite results on this point. In our next note 
we shall chiefly describe the mode adopted for testing 
the tensile strength of Portland cement, preliminary 
to the explanatibn of other and practical points con- 
nected with the use of this important constructive 
material, the manufacture of which is now carried on 
to a great extent, and with the application of vexy 
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SS. Data and Bnlas foit Bnildittf OalenlatLoBS and Eitimatai, 


(1) and Average WeighU qf^ and Sur/aeee eovered 
hy. Slates uted in BuMing. 


NaaxM of the 
CifloroTit olaiieB of 
Slates. 

Dlmentlons. 

Averftge weight 
per 1800. 

Bstimated Suz^ 
fao6«, in 
*' Bquam ** of 
100ft.iiuMrfldiU, 
per to. 

Queens . . , 1 

82,84. 86" by 
16,17,18'^ 

BO by Ifi" 

28 „ 




Prlncesaes , . 

115 owt. 

m -q. 

Ditto .... 

97 „ 

14) - 

Ditto . , . . 

2fi „ 1«" 

82 „ 

2i 

Doobeflsos . . 

24 „ 12” 

63 „ 

11 

Marchionesses 

22 „ 11* 

54 „ 

9 » 

Countesflos , . 

20 „ 10* 

43 „ 

„ 

VisoonntcBflcs , 

18 „ »* 

8<’ „ 

« .. 

Ladies . , , 

16 „ 8* 

26 „ 

44 ,. 

Small Ladies * 

u „ r 

19 „ 

»1 .. 

Doubles . . , 
Imperials, for) 
roofing, various V 
lengths. . . \ 

12 ,, 6* 

6 to 7" wide 
8 „ 10* .. 

38 „ 

2* 


(2) The Length of Timhen^ JoUU^ or Jieam regnlred to make 
a OMe That tif various sited Snantlings—that is^ leith a 
givmBreadthor Thteknf*ss with various D(>pt1bS or Widths, 

No. 1, The breadth or thickness being 2 inches.— 
With a depth or width of 2 in. — that is, a section 
of 2 in. square— the length required to make a 
cubic foot of the timber will be 36 ft. Keeping 
throughout to the one breadth or thickness of 2 in., 
the following will be the lengths required to make a 
cubic foot ; of depths or breaths inoreasing by half 
an inch, commencing with a depth or breadth of 
2^ in., up to and including that of 12 in. Thus 
2'^ by 2|'' will require a length of 28 ft. 9 in. to make 
a cubic foot ; 2" by 3'' =: 24' 0" ; 2"x SJ" = 20' T ; 
2'^x4" = 18' 0"; 2"x4i"=16'; 2"x5":=14' 6"; 
2"x6"=13' r; 2''x6i" = ir T; 2''x7"=sl0' 3"; 
2''x7J'' = 9' V) 2^x8"=: 9'; 2'' X := 8' 6^ 
2"x9''=:8'; 2'x9i"=s7' 7"; 2" x 10" - f 3"; 
2"xl0f = 6' 10"; 2"x]l"=:6' 6"; 2"xlli" = 
6' 4"; and finally, a joist or piece of timber 2"xl2" 
requires a length of 6 ft. to make a cubic foot. 

88. To find ths Brsaklng Weights in pounds of Beams of 
various kinds of Timber. 

Take the square of the depth of the beam in inches, 
multiply this by the breadth of beam, also in ititihes, 
and multiply the result by the ** constant” for the 
particular kind of timber employed; finally divide 
the quotient thus obtained by the square of the 
length of the beam, also in inches. For “con- 
stants ” see next Note (No. 34). 

84,' Oonstauts for Broaking Weights used lu ealeulatlzig 
tho itrsngth of Tiabsr Beams to support given Weights, 
or to sustain given Breseures, 

(1) Oak (English), 1,776; (2) Oak (Canadian), 
1,766 j (3) Elm, 1,360; (4) Ash, 2,026; (6) Beech, 
1,693 ; (6) Larch, 1,149 ; (7) Riga fir 1 ,326 ; (8) lied 
pine, 1,342; (9) Pitch pine, 1,632. 
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89. Themotttt«r Betlti— Ftlirtshelt, 

Of late years there has been a marked tendency 
to introduce into our scientific literature, and to use 
hi scientific investigations, the Continental (!E^nch) 
weights, measures, and scales. The Prenoh system, as 
is well known, is on the decimal ** method of calcula- 
tion. In all oaloulationB and disquisitions connected 
with heat, the Fahrenheit thermometric scale was at 
one time universally used in this country. But of 
late the ** Centigrade " has been largely employed by 
our scientific men. By long usage we have got so 
accustomed to refer all indications of temperature or 
heat to the Fahrenheit scale, in which the leading or 
popular point is the '^boiling point of 212^” that 
when statements of temperature according to the 
Centigrade thermometric scale are given, one has a 
natural desire to know what the given temperature is as 
judged by the Fahrenheit scale. The converse, though 
necessarily not so popular, is useful. The following 
gives, first, various temperatures in the “ Fahrenheit,” 
and, second, in the ** Centigrade ” scale: — 212* F. 
(boiling point), 100*0.; 200" R, 93*3" 0.; 180“ F., 
82-2" 0.; 160* F., 7M C.; 140* F., 60'’ 0.; 120* F., 

48’8* C. ; no* F., 43*3^ 0. j 100* F., 87*7* 0. ; 90* F., 

32*2" 0.; 80* F., 26*6* O.j 70* F., 2M*0,; 60" F., 

16‘6-0*; 60“ F,, 10*0* 0.; 40" F., 4'4* 0.; 32* F, 

(freezing point) 0*0*, or zero,” 0. To convert the 
temperature given under one scale into the corre- 
spotuUng temperature in the other scale is frequently 
required or desired. To convert the degrees named 
according to the Centigrade ” into degrees of the 

Fahrenheit ” scale: — When above zero or freezing 
point— deg, in Fab, + deg. in Centi. X or thus : 

82 F. + 0.° X 9 ^ ^ required. When the 

0 

Centigrade degrees named are below zero or freezing 
point, deduct the degrees in Centi. scale from 32* Fab. 
scale. When it is desired to convert degrees named 
according to the Fahrenheit scale into corresponding 
degrees in the Centigrade, if above freezing point, 
the given degrees in Fah. -|- 32 x 6, and divided 
by 9, will give the degrees Centi. required. If below 
freezing point, the given degrees in Fah. — 32 X 6 and 
divided by 9— is the formula. 

86. Srawiag Fapsr— Dimcniloiu of the Fitial 8Ues or 
Yarietlei. 

(1) Wove Antique, 62 in. by 27 in. ; (2) Double 
Elephant, 40 in. by 26 in. ; (3) Atlas, 38 in, by 26 in. ; 
(4) Columbia, 34 in. by 23 in. ; (6) Elephant, 27 in. 
by 23 in. ; (6) Imperial, 82 in. by 21 in,; (7) Super 
Royal, 27 in. by 10 in. ; (8) Bioyal, 24 in. by 19 in. ; 
(9) Medium, 22 in. by 17 in.; (10) Demy, 20 in. by 
16 in. 


87. Brands, Oradei, or Harki of Brawlng Poneili. 

(1) Very dark, black, or soft, b b. (2) Black or 
soft, a degree less than (1), b« (3) Moderately soft 
and daik, H B. (4) A penc^ for softness or darkness 
of its line between h b and the n^ grade (6) is 
marked or branded as f, and is used for the general 
work of rough sketching, writing, etc. (5) H, Hard, 
for drawing lines finer than (4), (6) h h, or double 
H, still harder than (6), for fin^r lines. (7) a h h, or 
** treble h,” the hardest pencil in general use, employed 
in the finest architectural and engineering drawings 
(see *'The Building and Machine Draughtsman ”)* 

88. Thft Belatlve Inflaenoe of Illamlnating Agents, as 
Candles, Ooi, eto., in YitUting Fresh or Pure Air 

is shown by the following. The agents are presumed 
to be consumed in giving a light equal to twelve 
sperm candles. Thus, while tallow or ordinary 
candles consume of oxygen 12*06 cubic feet, the same 
consumption or lighting power will produce of car- 
bonic acid gas 2*01 cubic feet. Taking the agents as 
follows, these are their relative vitiating influences on 
the atmosphere. Wax candles, consuming 8*41 of 
oxygen, produce 5*90 of carbonic acid gas; sperm 
candles, 7*67 0., 6*27 0. ; stearine or paraffin candles; 
8*82 0., 6*25 0. ; common coal gas, 6*45 0., 3*21 0. , 
Oannel coal gas, 3*30 0., 2*01 C.; sperm oil, 4*75 0., 
8*33 0. ; paraffin oil, 6*81 0., 4*50 C. 

89. **Ths Bomeitio Bids of Sanitary Soienoo 

deals with home comforts, and the unit in this case 
is the house, then the village and the town. Houses 
must be planned, constructed, and regulated to afford 
means of health and morality to the occupants. 
Villages and towns must be so arranged, built, sewered, 
paved, and scavenged as to preserve the purity of the 
soil below, and the air above, for the benefit of the 
mhabitants. To secure such ends there must be 
sewers, di'ains, pavements, scavenging, and a water 
supply. . . . The cleanest-looking places are not always 
the safest (in a sanitaiy sense), A clean-looking 
country house or village, surrounded by pure air, free 
from coal and smoke, may have hidden dangers worse 
than any in a town. Visible (external) dirt is not 
always the most dangerous, as the rain washes it, the 
wind blows over it, and the sun dries it. The presence 
of rats either in town or country (within or immedi- 
ately about a house) is a certain indication of danger 
(sanitary), as rats live on garbage. They are usually 
diseased, and can convey the seeds of disease,”— 
Addrw to iht Sanitary IwiituU qf Oreat Britain by 
Sir Robert Rawlimon. 



THE PRACTICAL NOTE-BOOK 


OF 


INDUSTRIAL SCIENCE 

(9) In another part of our work a few para^^raplis 
will be found on “ Cements,” one of the most interest- 
ing, as in many respects one of the most extensively 
useful depat'tments of indizstrial work* Very good 
cements are often classed as being the opiK)sito of 
this, simply l^ecause they are impi’ojzorly applied or 
used— a result, l)e it noted, in many (dasses of work 
other than that of cementing. Some cements require 
one mode of application, some another; but all 
demand one thing — namely, that the surfaces of the 
bodies to be joined at the joint shall lie clean, this 
referring specially to the absence of all grease, or 
oily or greasy matter. Getting rid of this, as it is ati 
essentially impoi’tant so it is a more difficult matter 
than it may appear at first sight to be; at least, 
it requires greater care than some are disposed to 
exorcise. We have liad to deal with comonts so fiin^ 
that we have found the natural greosinoss of the luuul 
t-o act prejudicially in preventing proper adlicsion. 

(10) Those who have liad much to do w-ith gluing 
and cementing, if obwerMiut, must have noticed that 
the joined or cemented or glued bodies, although 
apparently well and carefully done, m\\ “suddenly 
separate or fall away from oacdi other.” It woulil 
almost seem as if each kind of cement had its own 
[ieculiar lasting power. The writer, who has laiid 
some attention to the subject of cement, has, for 
example, noticed through an experience of some years, 
that one particular kind of cement greatly used for 
joining articles of glass and the like loses its gripping 
or holding powers somewhere Ixstween the ten and 
twelve months^und this although the cementing was 
done with the greatest care. The pieces fall suddenly 
away from each other without any obvious weakening 
at one part moi'e than at another, the giving way 
extending or acting over the wliole surface at once. 
This retention for a limited period of the lioldiug 
power of cements opens up more than one curiouK 
scientific point. We know that molecular changes in 
bodies take place under certain circumstances, and it 
might be woith inquiry how it is that the change is 
brought al)Out in the ease of some cements. To the 
annoyance of many, common glue frequently displays 
this tendency to lose its liolding power— not showing 
a weakening gradually, but quite suddenly giving 
way. Examination of tho faces of the separated joint 
seems to point to excessive brittleness as the cause of 
the glue giving way. This brittleness, and with it 
the tendency in glue to lose its hold, is overcome by 


FOR HOME STUDY. 

mixing with tlm melted glue a little glycerine. Ex* 
pcrionce alone will show how much should be used. 
If the articles are kept in a very dry or warm pla(ie, 
the quantity of glycerine reejuired will be greater 
than if the situation be a little more liumid. 

(11) In Note No. 6, ou the subject of “steam 
raising,” we saw that tho operation of l>oiling of water 
resulted in tlio creation of a force, the steam raised 
representing so many units of metdianical )»ower 
capable of doing moelianical work of souie kind as 
obtained from so many units of heat. A “unit f)f 
heat ” is tho heat rGquii*od to raise one pound weight 
of water one degree of the thorujomotric scale in 
lomperature ; and a unit of mechrinical force— or as 
it is generally termed power — is the work done in 
raising a weight of one pound (avoirdupois) tlu'ough 
a vertical distiint^e of one foot. Hence the term 
“foot-pounds” Used in estimating the amount of 
mechanical force or i>ovver. Looking upon tho operu- 
tion of “steam raising,” which is virtually that of 
“boiling,” as the manifestation or pro<luetion of a 
force capable of doing work, the subject for the student 
is invested witli a practical interest, tho points of 
which will well repay his most earnest attention. It 
is one which, with its side issues, would require much 
space to do it full justiito. In tho limited amount of 
this we have at command, wo can only glance at its 
leading points. In tho “raising of steam” we have 
cei-taiii essential elements to deal with: first, the 
“water,” which is the? l)ody which under certain 
conditions yields the gaseous fluid or watery Vii[)onr 
called “steam”; second, the “l»eat” by whicli that 
vapour is created, this heat l>elng in practice produced 
by the “combustion of fuel,” in which process the 
ordinary atmosphere or “ air ” plays an essonti/il part. 
Ou the combustion of fuel and on air we slmll luive 
notes to present to the reader in this section of our 
work ; and we hope to find space for another series, 
on “ water,” a substance or Ixxly which plays one of 
the most important parts in the physical phenomena 
of the globe, and a. not less impoi'tant part in our 
industrial work. Meanwhile, of the characteristics of 
water it will be essentinl to our present purpose to 
glance in briefest fashion at one of its most important, 
namely, its “ capacity for heat.” Of all the bodies witli 
which man has to deal in the varied work of life, water 
is tho one which is capable of absorlang or taking up 
the greatest amount of heat, there being only one 
exception to tl.is — the metal known as platinum. This 
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<!u])!ibilit.y of wnter U) np tli(^ givatest umourit — 
t^) ciiny, so to sjiy, Iho lionvicsi ]»nr(lon of hout of nil 
the l)Oilios known to man— is of tlio p^Teatest service 
U) him. Ami the fact tlait tJiis aflinity for heat, to use 
a (hcniical expression, is associated with an element 
so universally met wi<!i mII over tlie glolxs and which 
from its }»liysii'al jiroperties hmds itself with such ease 
to the vari(Ml works of man, is not Ji mere coincidence, 
])ut is to our mind anotle i* of the many instances we 
have of henericent creative <h‘sif5u. If we plac(^ a. vesw^l 
of “(tohr* water ujioii a l»riskly hnniiii^coal fire, itgra- 
dtially changes its comlil ion, and heeoiM(‘s what iscalhxl 
‘‘hot." These t<'!*nis hot and cold, 1 m* it I'euK'nihenMl, 
are ])Urely relativ<j. A IkmIv having ti certain tem- 
perature Uiny )k‘ ca,ll(M| ‘‘cold” coui]Mir<M! with another 
UmIy which 1ms a Inglier t(‘niperature, while conversely 
it might h(< as truly said to he “ hot" when compared 
witli aiiotluu* IkmIv possi'ssing a lower temperature 
tluui it-. Ktriefly, there is no such thing as ahsoliito 
<'old or luNit. (’ertaiidy wo cannot [jositivoly ileelare 
t-liat hehtw t)i(* low(^t tcmjteraf lire* man lias been 
able to pr<Mlu<?e tliere is not still a lower; and the 
convers(* is ecpially true. J»v i-eccnt iiiiproveiiKUits in 
furnace construct ion, and in metho<ls (»f consumingfu(d, 
we liave now in daily us<» teui pern ti ires of a ladglii 
which not many years ago pract i(*al nuui wonhl readily 
have j»iX)nounce<l to lu* unattainahle ; and \vh(» wouhl 
nu>v v(^nture to ass<*rt that- wa* sliall not ho able 
to I’eaeli liigher t(uiiperatin\‘s still/ In tlu^ simple 
i‘.\*perimtjnt named above, the cold water plaetMl on 
the tiro ijtuidmlhf becomes hotter, as shown hy the 
I liermoineter — g<nng tlirongh the stages of first cold, 
m‘Xt Inkewarm. then warm, and linally v(*ry hot. We 
hen‘ make a distinction hetwfxm the terms warm and 
hot, which are usually considered as synonyms; hut 
the te?*m warm is generally ap]di(*d to IkmIuvs in a 
condition in whi<‘h the trmp«‘rature is on tlie avm’ago 
low, the term lu»t Iwdng a)»plied when the tomperatnro 
is on the average high. As Indore saiil, thei'o is 
notliing allsolute in the ctaalitions, After the whaler 
has reaiduxl a t'crtain stage of heat, it l>ocoines more 
or less violently agitated, ami fnan its surface a white 
vapour piiKst‘s away, to which the name of “.steam" 
is given. If now the xes^^el he tak»‘u from the tire 
and I'Xposed to tlie onlinai'y air, it will 1 h* fouml in 
teslitig it hy the tliermoimutu' that th(‘ water 
gn»ws <'older, till it it^iehes at last the same tem- 
]H'rat ureas that it originally posst»sst*d — namely, the 
normal om of the surnmnding Air. If, in place of 
removing tiu* ves.st‘1 from the fii*e after it had reachinl 
the |K)int of ebullition or lioiling, it had Iwii allowoil 
to miiain, the water wouhl c/m<f»m////lmve diwipj)eared 
till the veasol would 1 h^ what is called lulled dry”; 
or, in more scit'ntiHc terms, the water would be wholly 
evajKirated, piffling intt» the ojkiu air in a vnjKmr. 
.\nd these thive conditions — the wwling, the heating, 


and tlio evajioration or <lrying or lx)iling up of the 
water— have all been gradually brought about ; that 
l)eing an im|K>rtant element in the three operations. 
And although to tlic young student it might appear 
to 1x3 a desii-able thing to have boiling and steam 
raising dtme at once — saving timo and fuel — a little 
coiisi<leratioTi wdll siilHce to show that the feature of 
gnwluality, so fo call it, w’hich distinguishes the pro- 
(tessiM w’e h{iv(* named, is I'oally a l)ea\itifully designed 
law. J f, for cxaTuplo, the momont w^ater had reached 
the temperature of the Ixnling jx)int (see a suco<.‘0<ling 
note), at whicli the water changes from the litpiid into 
the gaseous or vapoury form, the cliange had l>een 
instant a neons, the j>roductioii of steam would have 
Ixxui as dangerous as the tiring of gim]K)wdor, and 
it could not have Ix^en used, as it is used, as a motive 
]»ower; tlie steam engine and its Ix^iler could not have 
hoen the <‘onveniont instruments they are in the Lands 
of men. < )ther mauifostatious of this beneficent law 
of the gradual operation of pliysjcal eflbcts could here 
be naineil. We can only merely allude to the natural 
proccss(‘s going on around us every day in equalising 
thc^ temperature of the glolx?, and in making it fitted 
for lh<‘ Imlutation of man. Tl\e total amount of heat 
reijuired to bring water to the boiling point is called 
teclinically th(‘ “quantity of heat." And this is taken 
up hy a succession of ixiHious of heat alwtracted from 
the soii!‘co of supply of the boat, this su<‘cession l»eing 
a necessity of th(‘ gradual w’ay in which waiter lK‘(*omeH 
Imt. ''rhosi* portions are teclmically called “ incite- 
ments, the meaning of which term will lx* gatJiered 
from th(‘ Latin verb fi-oin which it is derived — 
crmv'iT, to incmise, to augment, to add to, and in. 
An “ incrcna'iit " may therefore be considered a par- 
ticle or molecule of heat — if, indeed, wo can c-onceive 
of thosi* nmterial terms )>emg applied to a iiximething 
whu'h we call heat, but w'hicli is at once invisible, 
intangilile, ami imixmderable, and of whicli what it 
is, or how pi'odnccxl, we know absolutely nothing ; all 
that we do know lioing how to avail ourselves of its 
)XH*uliantit‘s in tlu* doing of our work. But this 
tH>nsidering of incixnnents of heat os soli<l paHicles 
may enable one moi'e I'oadily to oomxiivo of them as 
being taken up, absorU^d into, or mingled with the 
iHuistituent pai*tic]es or molecules of various IxxiieB 
which man in varied industrial pm^esscs snlqwts to 
the inHuem e of heat, to starve certain pur^ioses or bring 
ulHu\t ct*rtain re.sults. And as each {tosaesses its owm 
peculiar projH'rtiiv, making it different from all other 
IhhUcs. so each IkkIv will have its own ptH'uUar relation 
to some one particular agent, differing from the rela« 
ti<»n of some other bcxly liaviug different charactensiies 
or projKU’ties. Thus tw’o bodies in relation to ^jie 
agent water will display two different properties. Une 
UkIv Unug dense, or w-ith its particles closely packeil, 
so to S4iy, U)gether, will, when exposed to the water, 
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take np or ,ilisoi')> lewer jmrtii’les or mci'ements of it ; 
while the otlier body, Unng lej<s doiiHC or porous, as 
it is terjued, will take numy more iuorementH of it. 
And iti Ijoth oases, w'hile there is, so to say, a iliflerent 
ttjrchaniwil ntlinity for water in the parts of the two 
bodies, they b<»th' resemble each other* in this,— that 
there is no chemical reaction or chan^^c set up in tiieir 
constituents, so that if the water Ire wdiolly driven 
off from each, facli will possf>ss precisely tire same 
properties \Nhich originally clmracterisod it. And 
just as dilleiviit Iwidies have ditlerent relations to tho 
elements of water, so ditlerent bodies have ditlerent 
relations to tlie element of heat. Each Inrdy possesses 
its own capability to take up, absorb, or carry its 
own burden, s<) to say, (d‘ heat increments ; and >ve 
rejront that it is a bcneti<*ont arrangement in the laws 
of nature as designed by an ail wis(‘ Creator, that a 
Ixrdy or substance like wat(*r, which ent(‘rs so largely 
and so universally into the ojrorations of nature on 
the grand scale, and in tlu^ thousand-and one o}»era- 
Tions ami processes of man in his industrial work in 
tlui small yet t(» him important scale, is j)rocisely tht* 
one which j>os.scsses the greaft'sL atlinity for lu‘at with 
on<^ excejition, and tliat one tho c(>s(ly, companitively 
rare, and seldom used Uiotal known as ]>latinuni, 
whicli has more than three times greater ailinity or 
capacity for lieat than water, Water, therefort^, is 
chosen as tla* standard by wliich tli(» capacities for 
hoat of all l.K)dies are moasur(*d, the standard having 
llie numerical value of 1000 given to it. 

(12) ** Varnislies ” are so very f'xtonsively and 
largely used in the ai'ts, that a noU* or two alKUJt 
their ]ie('uliantios ami characteristics may l )0 useful 
to a huge nuiiil)t.*r of our readers. A varnish ntay 
l»o defim*d to a clear limpid fluid or liquid substancu 
o/isily and readily applied as by a brusli to surfatres of 
solid iKwlies, such a.s those made of tho more valuablo 
woods, and when so ap])lied dries rapidly Jiiul sets or 
hardens, so as to give a shining fm^e or glossy surface 
to the >KK)y or objec.)t treated with it. When set and 
hardened it should reflect and refract tl)e rays of light 
as a coveiing of glass would — which substance is to a 
solid what a vamisli is to a fluid. While tliiis acting 
with light, tlie {>eculiarities of thesurfime t<i which tho 
vaniish is applied, such as the “ grain " or “ i»iimour ** 
of wood, are brought out and, so to say, intensified, 
making them, and also all evdours siu'h as pictures, 
more bright ami brilliant tlian they are without 
the varnish. A very goo<i idea of a va]'iii?^li ami tlie 
effects of its use is gaine<l by brushing or- ‘.ponging 
A surface of smoothly w*ronght wcxkI w iih <'Ie)iri (dear 
water. 8o long as this remains a thin film of liquid 
Cin the woorl se;‘n in a strong light, all the eflecfts of 
A varnish ai*e pi*odueed. The following are the cha- 
racterhdics of varnishes which should be aimed at in 


making them. Not only becjiuso the free working 
of the varnish is de|>endont upon this quality, but 
lava use its cH*onouucal uso is atVccted by it, a. varnish 
should possess a high degree of fluidity-*' that is, it 
should flow freely fi*oin and Ihj readily and uniformly 
laid on the surface by the briisJj. Tho practical 
iinjHU'tance of this ijuality is obvious ; for unless it 
can Ik‘ laid on the surfat'e with th(‘ utmost facility — 
if it be viscous, ov as we call it “ sticky it is uot 
possible to spread it over witb lhal uniformity which 
aUiiH* gives perfect, work. lln(*vcii laying on is 
simply o(iuivah*nt in giving tlncker layers at some 
points tluin rrt others, so tliat varying media are 
foriiiod thi*ough which tJie surface beneatlr is seen, 
and thus its sliades or tH»h»urs arts in some rnoaHum 
alter<*d, and the lu inging out or l)rigli<t*ning of tlu'se, 
whicli is Olio of the grt*at obj(*cts of vai'tiisliiiig, is, to 
a greattu* or less t'xtent, lost, fluidity or readineKs 
to flow from the brush and ovtu* the surfaee inakt's 
the varnish the mort' <*conoinical in ust‘, as a greater 
surfactMvill olivloiisly b<* covt^rctl than if tlm varnish 
is viscous, or lines not rtwitlily flow from the brush. 
The st^cond dt'sirublt^ (*haracteriK(ie in a varnish is its 
cloarncissor nbsolutt* tninspartaico — its limpidity. For 
just as the tdear limpidity of tlie water of a rivuht 
flowing tlirongli a rural district, remote from the tlust 
and smoke stxit of cities, enables one to see i iit^ shiny 
p(‘bbl(^s and water plants at the bottom not only as 
clearly but evtui w'ith tiicir colours more brilliantly 
deveJoy>ed than when seen through the ha/.o of a. 
suminei* day's air, so a clear limpid varnisli not only 
does not obscure the tones and shades of tlie surface 
it covers, but actually brings out. and makes them 
more ))ronuunce<i and brilliant. Defile tlie water of 
the country brook with simie solntbm which clouds 
its clearness, or iiave somo ingitidient wlii<*h has the 
same ellect iqKui the varnish mixed witli it, and its 
valu(« as a varnish is lessened in projiortion to tlio 
extent to which the debasing ingredhaitor constituent 
is present. 'i'h(3 third ehara(^teristic wlii(^h a varnish 
should jKissoss is rapidity in ilrying. From the very 
nature of a varnish, if it doe., notatiract dust and 
I>ailicles of dirty or exfrani'oiis matb-r to a surface 
on which it is laid, cei iainly licfo?*!? it dries it takes 
hold of ami retains any ext r.'iiieous i/iatb*!* which 
falls upon it, and en( raps insects whii^h alight iijioii it, 
and also is sid^jected to the iidluem e of <'ertain changes 
in the atmo.qihere widcli w'ill impair the brilliancy 
uijic'h it is so d(*siral;le t.o retain when one lias lM*en so 
foi'tunatc as to make a varnish wbirli gives thi". The 
ijuicker, then, a varnish dries after it is once laid on, 
the more valuable it is, and the le.ss care is njqiiisite 
in probxiting the varnished surfacefrom all Md^staiices 
which arc likely U> fall ujsai it, or from atiiio^pheric 
cluinges w'hicli may affect it. The fourtli clianu leristic 
a varnish slatuld i>oshohs is its rapidity of liaidiffiing. 
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When a varnish iw dry womo 8 upi) 0 «e it ia haidened, 
but the two [)roj>ei’tie8 of drynasa and hardnesw are 
quite different, anrJ therefore indejxsndent of each 
other. Hardneaa impliiH, and nniat carry with it, 
the Holidifying of the ingi*edientH of the varnish. A 
vamiah inuy Imj <lry, yet not solid. Tlic value in a 
varnish of < his prof)erty is apparent. The fifth charac^- 
teristie of a varnish is the capjibility to retain its 
valuable characteristics. To lx)n’ow a term from thti 
race^courstj or the hunting hold, the varnish must 
have staying power's — a term indetsl em])loyed by 
paintcu'H in des<;ribing ibis imjwi'tant pi-oiwjrty, A 
varnish should keep its ♦* fullnoss ” (anoth<?r torin to 
denote this C!haracU*riKti<j)aiid show its bi'illiaiiry after- 
it is dried and bus lieromt} solid or hardeiiid, und tia- 
longor it does this the nioro valunble it is. Th(‘ next 
characioi'ist ic of a vai'nish is its ‘*gl«ssinoss ^’or glo>si- 
ncss of siir faeo, or-, as it is luoro frt‘<]uently designated, 
its ludlluiAcy. This is irub*ed implied iirwhat we have 
stated to bti ihc' gern'r'iil characteristics of a var'iiish. 
Unless a vai'iiish 1 h» hr-iiliaril it fails to yield one of its 
most pleiisirig jH^-uliar-ities. The seventJi chaiacter- 
isti(^ of a varnish is its elasticity — a property vvliich 
enables it t<» “give and take” witli any ebangt*s or- ox- 
pa iisioiiH aral ccait ructions of Ua* mater ial on tiro siir-faco 
of which it is placed, and prevents it from cr acking nrul 
scaliiig ofV. This rprality gener'ally follows in a varnish 
when it ikwscksos tla* other qualities named alrovo. Tlie 
eighth charact(M'istic of a vai'uisli is its capability ti» 
nmist atmospber U’ agencies, the corroding action of bad 
air, gas-light ellluviu, t*t<\, etc. The Inst and the most 
iiiiporfant of all of tire char*ju‘ter’istics of a varnish 
is its lasting qualith's, oi' tht' lengtlr of time through 
winch it I'otains all the gamd qualities we liave named. 
This ehar'acterist ic of a varnish, this durability, unlike 
tia* other qualities w<‘ have luiiucd, can only 1k> tt?steil 
by h-rigtli of time; the other qualities may Ih< tested 
by u few trials. (Jener-ally speaking, if a vai'nish In* 
lii>t class in rcsjMM't »if tlie tjualities wc liavy named, 
it will U* a dui'able one ; always, Ik> it noted, however', 
involving tliis fact— (hat it Ire not exposed toalmoruuil 
or unu.sual conditions, whiclr are markeilly unfavour- 
able. Tlris iuvtrlves eare in the keeping of varnished 
objects, and in not exjHrsing them to influences wliieli 
art' obviously inimical to them. In this, as in other 
(U'partments of work, the quality of tint materials, or 
the way in wJncli the work is executed, or IhHIi of 
tht in, nray 1 h' nml art> often bltuiUHl >^ hen the cimsure 
is altuu' incurred by eaivleesness on the jmrt of (host* 
for whom the wiu'k is done. Tisei*e is a iiuule, uuft*r- 
tunatt'ly ttu> fr-t'qut'ntly met with, of so mrelessiy 
(it'ating ami dealing with work which has lieeu I'colly 
eontH'ientiously well done, as not to give what is 
suggestively calletl fair play either to materials or 
workmanship. One wortl in concluding, at least for 
the piH«seut. a subject {VDssesseil of much scientific and 


practical interest ; and that is, on the importance of so 
choosing or selecting a varnish that it will l^e suitable 
to the physical or meohanicfil characteristics of the 
surface or material to which it is to l)e applied. It is 
olmous that a varnish which will bring out and 
enhance rather than deteriorate the natural features 
of one material or object will not be calculated to do 
the sam(i oiiice for another material of a totally 
dilierent diameter. Thia, no doubt, involves the 
ncjc^wsity of .thoughtful cai'e on the pail of the maker 
an<l workman in varnishes ; and where this is not 
given, he can scarcely lay daini to the title of an 
iniclligeut and clever operator. 

(l:j) 111 a Hi'nos of notes in tliis depaitinent of our 
Jourual wc shall explain the special points iKinnectod 
witli the “ lM:)iling of water,” the “ raising of steam,” 
<me of tli(‘ m(;st important of tho practical operations 
witli wdiicli the handicraftsmt*n of all classf's are 
interested, inasmudi as upon steam depends liy far 
the largest amount of mechanical or motive j>ower 
pixxluced and used in this country, and which to a- 
gmitcr or less extent is used in neai-ly every branch 
of industrial work. Tu the pi-oduction of heat by tht' 
comhustkui t»f fuel, as air, tht* oi-dinary atmoaphere, is 
an essential element, we shall Iwn’c to (consider its 
special characteristics ; and as the “combustion of fuel,” 
almost universally in the foi-m of coal, is the agency 
l)y whicli ill practice wo generate heat, wo shall have 
in the presont series of notes to exjilain tho charac- 
teristics of ** fuel,” ami tho special points of “ com- 
bustion ” by wliich ht'at is pr'CMlnced and tlie raising of 
sft'am is otlectod. (Tin* following paragi-apli and others 
yet to follow will take up fl\e suiqoct of Fuel.) P'ucl 
may be delined ana solitl substance C()m}M)sed of organic 
constituents, which under <vrdinary ciivumstances re 
mains unchanged by the air, but under tho influence of 
heat of a certain tomj»erature — alnait 017'^ Fah, or 32G® 
Cent, for coal, ami for wood 593^^ Fuh. or 295° Cent. 
— combim.'s with the oxygon proM'nt in tho ortlinary 
air, and which itself must also be lieatod to the same 
toiujieratui'e, “ takes firo,” to use tho common oi' 
vulgar phrase, or, to use tho tt'chnicul one, outers into 
“ CHunbustion,” ami is consumed so far ns the organic 
constituents of tht^ fuel arc concerned, leaving a residue 
known as the “asli,” which, b**ing inorganic or mineral, 
is iiuxmibustihlo, the ash constituting a very small 
pro|w>rtioii of the bulk of the original fuel. 'Ihe hoar 
nei^<.'ssai-v to start t'ombustion or “ burning ” in a fuel 
is in tlu' fli-st instance applied through what is called 
H •* kindling” or “lighting ” medium, a body in iictixe 
combustion easily lighted; but when a mas.s of fuel 
is once fairly burning, or in active combustion, it 
produces heat high enough to light fresh fuel thrown 
u]ion it, and thus keep up or maintain combustion so 
long as fi^ additions of the fuel are supplied. 
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CONTENTS. 

Vftlno of Gruphic riluslmtiitn in T(‘olniicnl KduriPlon— The OrJiwiniTH 
anil Oosicnun Spoi'ial Ft'iUure nt T4 ekuir<tl Journal Tin* Mi'.-ely 
IVc'iiiiiiiry Adsanuvfrort hi'i'vuliiK to Working* Mt'u from Tfi'limou) 
KnowUMljff, HU Triiportant in Tlolmlon toj» l’nn‘in‘»l Work like 
Th^ ‘IWhHlntl JtiHrthiL- ' VHhu' fo Workoif* in Spnoinl IlmnohoK of a 
CJonmil Kniovlcdtfo of oilior Dopartnii'nln of Toi'hiiii'iil anti IikIuh* 
trial Work— (.’liiiinH of Tin Ttrhn tail Jnutoa/ upon tlu* AttentJon of 
ihi; (Jonorat Uomlor -A Kiiowlfiliio of 'tVrlmieul Work an Im)»onunt. 
i'arUif II Modfi'n l.ihi.'rn'i Ktliii'iii ion, apart froni tin* Inherent IntiTOMt 
attuelK’d to it Nationally -Ihn'fi I'oriniiiiry Vuliu' of Thr ‘/'rchuiraf 
Journal to Spocinl ('hiH>ti‘a of tlu’ tlfiienil I'ommiizilty —Thr Trchuiml 
Journal aa U appetilH to Youili. arid an a Text-lliKik in Klctncniury 
and Advfiiu'Od Sclioola- 'riic (haioi'ul ('lairaeii'rislicHoC Thr Ttrhuirnl 
Journal -tiroupino or ( 'lashiryiiiL; tlio vuriouf' llnundu'i* of T<adodeaI 
mid Indu^itHiil Work. 

Value of Graphic lUuitration in Teohoioal Education— The 
Drawlngi and Deei^ni a Special Feature of ‘*Tha Teohni* 
oal Journal.'* 

To atiotlior fnatuiv of ]icrtniiiu‘iit pnn'tical value we ileom 
it our iluty Hiioeiully to dniw tiie Jitliuitioii of tho remler. 
While tin* priu<‘iplef< tuid piwliee of the viiHotis teehnieul 
traili's uTul ituUi-'tniil pi'i»ee>!«i(‘}» will lai expliiitted liv u wide 
variety of factN drtiwii from prjietieiil expericriee. it iMihviouM 
thtil, detiliun ttx tiiutiy of iheni do with, and dependent jik 
they are upon, piiiieijih's of tlio^e Heieiiees npoti wliii-h 
pcomidrieul and tiatural fitriUH, eniiMruelive details, and 
lueehfiuiesil nvraneenientH of nil kinds are I'UKed. ilu? aid of 
i;raphle illustration tmiHt of iifieeMsjty la; (tailed in. Where so 
many prohletns arc to l>e solved, so inueli of form, slmpe, or 
eoiititfiiratioii to Iw* shown, so iiiueh in the way of nieehaiiie;d 
eoiistruetion nnd armn'-Munent to he explained, the work of 
ilie drauirhisiiiati innsl he tfiven to tind lanjely Mipplement 
that of the <leseriher or writer. Without drawing's, iteh'ed, 
written descriptions woidd ohv^otl^Iy he uselc'^s. 'I’here are 
many art i "tie and decorative foi-ni" and meflmnieal and eon- 
Htruetive bodies which could not pi ssihly he understood hy 
descriptive words alone, liowever ftdl and deiirly stated : while 
if some are eajiahli* of U-in^^ explained in some measure hy 
wonts oidy. this expltmalion would to the ^'leat majority of 
rcadelli he so olwure as pnietieally to Is* of little value to 
them. Impivv'M'il with the imisirluncc of Ihew.* eoiisidera* 
tioTiK. atid liaviiiK the mlvrtnta):e of a wide and thoron^dily 

pnietieal e.\|rt.'nenee of the stilijeelH tti^atcd, 

nnd writer" iti their varied iUniartmi nts have paid speejal 
UttentiiUi To The departifient of JlJ.USTJlATIOV, The host 
evifl<-nei: of this will Is' met with in tlie pa^v,-. of the work 
It i> not in tin* lanirua^^e of a pro.speetU", wliieh it sometories 
apt to he overstrainctl or exa;/|;erati‘<l. hut i" the siaijile "tate- 
ment of a faet, when we here Mate that ihcH: j.ai'es will 
(li«|>ljiy, in their ei.mpleted eojidition. nu amount of illuMia- 
tionvNhieh. if it ha^ «,*veT heen In-fore eqmdiod in preeediii/ 
tei'hnieal or jinietienl litemture, has not heen ;.oe;it!y. if ever 
it has heen. e.\e,;lh'd. 

liut it is noi merely in tlm fa<-t lliat the illustr.at ions will 
in mere nurnlur he ercat, tlm! tin* value of this department 
will he disi»laytfd. This will lie A" rnueh. if not moj.-, wiien 
their p'tsjtive value (ou^idered. in this— that a very larj-'e 
prois-irti'ai of the ’••iihjeets will not he mere d*'si'.Mis. liuT will 
Jio^^e.* all the piaMiral value of Wf rh in;.' drawing' and lines 
applieahlc n^-aily every h.-am-h of feehnieal work. Fora 
lone *M H' S of month" a staff of thoroughly jiraetieh! di MLniers 
VOL. I- 


have heen einraired in the product ion of teehnieal workin^r 
drawinjfs, specially arnimjed for the purposes itf tlie work. 
The result of tliese lal'ours will he heen in the many hundreds 
of illustmtiouH with whieh it will In* v'uvielied. 

The Merely Pecuniary Advantagei accruing to Working Men 
from Technical Knowledge, an Imponaut Point in Belation 
to a Practical Work like The Technical Journal," 

The puhlihhcrs helieve t lull it is iuiposhi)»le to ow*r<‘''timnte 
the nduintu*j:es wliieh a work, enrrird out ou the liins in 
which the conductors hiive jjiven earefid ileniLdil. nin.vl pushoss 
to nil those iuforesti'd in the jiroj-ress and the fiiuije \\eirare 
of tliMxt teehnieal trades unil indiihirial proochho-. npnn wliioli 
our national prosperity so ohvionsly di'pend", The niejv 
jM'cnni.ary ad vaMln;;es zieemiiq' to a toelniK'.il worker Iroin a 
knowleilge of the principles upon which his wuii ih h;isri|. 
and how best to apply them to its practice, is a point hich 
inusl not here he ovci’looked. It is iinitliy ol Npci ial iioie 
liere that a kliowleilp! of dt‘hi;jii \\h\]\j ilii" lenn in its fiillem 
and widest sense, as inelialiinz the aliility to diaw is neecssary 
in almost every hraneh of tcehiiienl trade and iiiiliistry. it 
is ditlieiill indeed to name the value of this knowledge as 
ilireelly and pecuniarily iiillneiieiiit; the leehiiieal eiiieer of 
the W'U-kman. If he he .iinhilious to .iccupy a lii;.di poMlion 
in Ills calling' for liis ability in desi-.oiiii!' which naliirally 
hsvds to and t,rreatly helps Ids skill in const ni<-t ion lie must 
llioroUKhly master ihe iirineiples of dexiioi in I he con-t riidive, 
iiioehaToeal. and decoi'iilis'c arts, I'or tins ability in ic 'hid' ai 
wliieation lies m ilic very base of all pi'o/resh without it 
none can )•<■ rmid'*. No doubt it may he Miid that tie- ability 
to desiiMi or to invent, no less tliiiii tin- liandii rafl skill li» 
const met, Tuay 1/e )/olli posHCH^cil by a man win/ is not eihi''aied 

Idjrhly not, in pi/ini of ' at all. mi'.’uiiin/ l/.v 

this term tin* possessh/ii (/f M/e ordinary and even ol M.im of 
the hi;.dier hranehes of ae/juired kiiowlcil;.i;e, lint wliilc this 
caniM/t Is* disputed, it. is easy eaoui;li to perceive that, viduahle 
as thes/- fa/’uliies are. even in tin* I'ase of ih»‘ non-'-dnenlcd 
imin. tlair vnlm* would l/<* oieatly im ieased, if to lle-m he 
eiMild nth) the jiowi-l's wliieh aciiuiivd kiiMwlcil-c of line, ilmi, 
is seieniifie th-si^oi, woultl v*''" 

eoiv'i-'le this, it» tliose who l/clicvi- that nilncaHon or tin' p'.-** 
wssioti of ae«pdr«*d kn/twletl;-*'! lias tsU a Hue piiein'id or 
int/ncy value, what nd"hl Ite ^nid '/n thii ‘adtjeef po-''r*',i • n*) 
intereM. We slcMilil he v'l.'id intlt'Cil if it woultl i. ally t'oin cd.. 
them, for thou s./int; Ismeflt wouhl ttow lo l hciiivolvc" horn 

their anxiety, i’mt we timy very reason.'dtl.\ that tlie 

read/T.s wa- aft; fsiw n<hin.*ssin/ d// irtt. l/'-lon- to tlc' uiih/r- 
tunaU* ealc'jory 'if llio^e vvlm "ce fi't ;.ood in, e* rlailiiy im 
peeiiniary nr trade valat* atfacheil i-., t••'■lllll' ai know!ed|.'e 
hii^etl oil st/UTid lM-.;aU"e, seieiifitie piineiph n. Fm- it may l/e 
safely iisMiTiied Iliat their very reiehu- ol lln-f )t.'i/e. pre,. 
Mup[/*os<-s flair t|.••■.ir■e to leain somM t/in;,'. so that, tl/ey dt/ 
not reqidn; t// Is- /•oioine/id of tiie heiii lii-., ■ 'lirvetly pM uninry 
as l,h/'v in s-um* of lie u a-p- t s are-an-m'* fiorn tie* po- 
s(.-sjoiI of ae'paip.'d koowh.-l/n h'-ariri- -ipon tle-ir t-'iinn al 
calling's Ol nm'e^. It th*-\'iy aim of our -.voik to impurt 
thi" kriMWledi.'’e. 

'Ih*; e/mduetors f'*' !. ll/ere.i'ore. that they am fairiy ' i.t.itlcd 
t/' elaiffi for The w./rk, ol whieh the foie;;oin;^ tums hut -orne 
of its HiaTiy fetitures, a prami<'al value of a spn* ially impoitant 
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cl It will scr\c llic iHofiit of ^iviiiy 

ill clfaj' aiifl iiiiciliu-ililc l!m;.''iKi"c. aide'! hy /ill the fiiluc/s*' nial 
coiiiplrO-iK'S'^ t.f '.M'/iphic illu'^ti'/ii i(-ii (’l-'cwlierc alluded lo, ihc 
ja'ai tic/il dchiil-' o|' the Ic/idiiie h/Uidicnift s Jind tnidcrt with 
whe'h the iiidi:st ly cj' miiii CMn^'cnied. They are als<» pre- 
p,irei| lip iii-i^t upon till- that it will ejvi; In tlinse jieiually 
viii'.'iy-'l ill the vaj hrnijehc- (ij iudiislri/jl Nv»>rk a positive 
]ci\vri cah'iil/iied dife.'tly and iiiiincdiately to i‘ai*<e tlje value 
n| fhcM woi'k. It will t liijs eolidiiee tn tlinst* j><‘(‘uni:irv jidvaij- 
t.'i/fs w hir'h it i'^tlu* h'l/ii im/iie /iiiihitinii nf /ill tn obtain ffnin 
their lahi'iir, And In dn thi.H Hmni'tliin}' Im tjow w/uited, more 
in/ui wh/il the retjuiieuienis nl' I'nniicr limes il<.'niand(*d. 'Jheii 
We had the [»raetj(;jil i/amnjjnly of tlie traile <,if the \V(»rld, and 
if w/is e.nnsid</re(| etiniiirh if tlie worker could turn out the 
I inducts of Ids trade pp iCect jis men* examples of huiidicraft 
i-kilh Hut wldle lliis is still, and always w'ill he re<|uired, jiiid 
whih* there, is every leasmi to believe that wo sliall in this 
respect inaiiitain t.he position we luive seeui'cd, -neverthch-'S. 
if we are to m/iintain nur siipi' intiey as tla* prtuluoefs of the 
World’s ").'‘oods.’' sotiiethiiiv iiinie i.s waiitod tlian the nu-K' 
skill of thr hand. It is iieeesv/iry now that our woikinen 
sludh in additi<»li In Ha* pnvvesKioii of this lu/inipul/itive 
dt'xtt'i ity, add a tlmmindi km wvh'djjo of tin* m/derials in which 
they w(»rk, their ejipahdilies ami possihilit(e.s and m<»re tli/in 
this, /III e(|ii/illy ennijtlele ae<|ii/ilnt/ine(‘ with the ]»rim‘iph‘s 
tipnti wliieli their Work is hasethaml of those u)»on whii'li it 
is dcsi^Mied. To tlie mere skill of the liaml. for which we hn\o 
Imm II so loMj,!: and so ileservi'dly ei'lehrated, we are nspiired 
iinw. hy tla* deiuamls of the new times wi* live in. to add 
the kiiowledj.te of the head. To pr/ietiee we must now add 
scM'iiee. for it is not a mere opinitiii, lull a stern laet, that for 
lai'k of the hi}.diei elements <d' knowleda'e, some of onr tr/idcs 
luiM* already .siilTr'ied severely, and nmeh of their p/iyiia’’ 
htisiiie's has heeti taken up by f«iiei;.'ii eomjtetitor.s. If iIj.php 
luiNe not as yet pn dueed woik so well nuido as oiir liaiidi* 
eiallsimui liavi' done, they U‘l ha\eeNeelled us in the hiv'her 
biaiiehesof a kiiowhshre <if seieiititie primdples. and CHprei- 
ally iiidcpii'ii, And we Ii/I\'e seen that the main iiieiii niont 
t'» the imoemenl, of wlneli e\ery one has t't‘eetitly lieaid 
luum-ly, the esiablishment ot teelitde/d eollej.'ex, institutes and 
classes, haviii;': bu' then object tlie teaelun,!,; ol «»ur workiin: 
tm ii III liii' liij'her br.iiiehes ppI wotk — is tliis very ein'uni- 
stamu'of the serious nature of the lossi'.s incurred by certain 
ol our tradp's, in eppnsp'»juenee ppf nur workmen not posses.sin|j 
the same hieher kiiowhsiee whi.-h it has been the aim for a 
loll'.,' M 1 ies of vi'ais of iii/iny i 'oiilinenlal eountiies to <ji\e 
th'Mi’ WtukliU'li. It Is thus true. lu'Voml all doubt, th/lt if we 
an* to hold our own, our wp'ikmen musi d«'lermine that tiny 
at li'/ist shall mu lail Op ae<|uue tiiat knowled'jT whadi 
assiiudly pays ireet ly and imiiivetly. And it is as beiiiy so 
Well V'ah'id/ited tp- ,iri\e tliem :i direi-t help tp> lliis, thu we 
elaiiu b o ou r w p pt k that hi;_:h position whi«'h carries witli it a 
[U'/ip'lienl Millie in diieetly /ul\ aneiii:,; tlie ]Ht’utn:iry inti-tests 
of tliose wlip) I'ppn.sull its p/iL'cs. It has t«\er been the truth 
that a Wp-rkman wlu* kiuwv im'si advanee»l the mos( i|utp’k!\ 
in the ivp'eipt p'f hiyher wa^es. ami to that improved s.,ei/i! 
]‘ositip.n wlneh is always the tvwanl p'f lii.jher pay judieippi.sly 
ami w is( l\ expeiulpHl, Hut liitherio tlust' ’'km'witnr im n ” 
fia\e bp'cii but raiely nu't witln eeriaii.ly ilu-y have tonmai 
but a siu/ill jpp'i'p'p nlaj'p' pif thp'se eneaia'd in imliistn.il w..ik, 
lhp \ alt . hoWp’Ner, daily pph the nu i'i'/isp*, and just in pntp'pr- 
tip'ti 11s tlieir nuiiibpTs imu'easi', s* will the \aUie of our 
imtippiial wip|k iimrease also, and its power to meet wiili 
fearlessness, hrp'ausp' it will be abh' t-. nu'p’t w ith siuN'ess. the 
ep'inpelitip'ii p>t pp'ppph’s p'ther tli.ni puiv own, frp»ni whatei.r 
<iuarier ot the \:\ bp- n nmy pu nu'. The best thinkers Atmpiij-si 
mi atv eU'iiily ppt p*piuion that we lane np>il.ini: ti» fear Iomu 


fop-j'_'n epprnpeiitiun. if ordy our workmen will decide to know 
tie* bp'si— and this tlic most — <d’ which their work is capable. 
Tpp do this will doubtless dornund Ktmly, and a sacrifice in 
s-nuo. if m»t indeed in many, ways. Hut we are of those who 
ludievc that this stmly will be readily those sacriflees 

<'hp‘erfu]ly m/Kle. And this hope wc base up >n our kiiowledire 
(d our workmen, wlio have as yet ever responded to all appeals 
tpp ri-pc t<; tie.' di;;iiily (tf np]>reeiatirijtr the iiii]mrtancc of all 
posiiippjis whi<‘li elo.sely atleeted their interests. And this 
appeal ‘'oim'S tp.» them bpititied l)y one of the most vital, the 
ftravest indee<l ol considerations, afTeetiii^^ as it does, if not 
the vi'ry e.\i*>t<'nee. assureilly the iiio!iey-makin<t value of theii 
variepl ealliiiL'''. 

Value to Workers in Special Branches of a Oeneral Knowledge 
of other Departments of Technical and Industrial Work. 

Jhit it is not eiioLC-di that our workmen slipuihl thorouj^hly 
know tin* iiiatei'i/d- upon which they are employed, and the 
principles uppui which their work is brmp‘d and dcsi<Tned — in 
brief, that tla-y ‘ilamlil know' all that their In/st interest'; 
dp'mand timrn Ipp kimw a]>piui tiieir daily enIIin,L'. It is aNo tpp 
a l/ii'L'p* extp’iil jin essential p/irt ppf their trainiii”’ in the study 
tpf the home that they sliiuihl know, if not th(U<Hij;hly. at 
ieii''t ji uoppd deal al«ini. the work done by their follow-w'ork- 
imm. Wliile lh<‘ wpprkinan will make, as he uipuht to make it, 
lii" first duly tpi ni/istin- the full details. Itpjth in principle and 
pi'/c'iiee. of hi-; own eallinjj’, so tliat lie will become a valuable 
".sj»(‘p*i/ilid.'' worthy to re<‘eivc the hiudiest w/iu'es of his trade, 
h' will, if wisely makiti}; the most of liis opportunities, devoti 
sp»me lime at least to iearnin;: wli/it other workers are dptinjj, 
and what are the peeuliarilies tif the jir/ietiee and the leadiii.L’ 
]»'>iiii- ptf the principles u]>on which their wptrk is based, It 
i' a '.'rip'V"Uv mi'i/iki' to suppose tlmt any trade or eiillinp enn 
\ielil iipp liini p»i' alVoipi mp help tp* ampthei, If space sind tlie 
jpi.-p'iit pi.it-e pp*rnmted, w'p' eould I'itp* nunip.'i'piiis insiaiip'p'H 
wheiP' on*' Worker has phnived liints p»i presil ppM-nniury valui' 
item aiH'ih*'!. Aial this liU' frepjiip'nt ly luijipp lied ullhoULd. 
tile pp't'uli/irit ies (if tliP' two ii'/ules wp-re sueli, and s,) di-siniil/ii . 
tliat at lirst siudit it would liavp- sp‘<‘tned liirlit to eota’lude tli/il 
tlie tpiif p’tuihl not pppssjbly ''iie a him (U‘ Imlp of any value tp.> 
tia (Pill. 'I'. Hill more than this p-an be h-iuI in favour of t!a 
wiph rsiu'ly we lip've Ti'fer to, l-'or it eiiiai 'fes tin- niiml. ami 
st|. n-'tlip'iis /iml in\iepir/Ues the ihinkiae fap’iiltip-s. and be- 
\oud all p|m-st<ppn it places the ni/in upon th/it hi^lip-r platform 
whiph the p •sv,-<^%imi of varieil attainiueiils always pives him. 

*• I.p-;.ni evp’iythin/ ypiu p'/in. my boy," said a sape and most 
sup'p'e'sjit! man p*t' business, " \'ou ni/iy not pel an immeiliatc* 
usp- f.pi it, ipc.i it e,.>ts ni'lhiiip to carry with vppu wherever you 
ptp, /iml lie- pile*' and time will almo.'l surely epime, wiien 
vp-u will limi that it viiil be u-efiil /nut put monp-y in vpiur 
pp'cket. (bun p'Nperi»'m‘t‘—dUl vpiur lieml with kiippwledpc ; it 
will lie’p you tpp till uair puf'C. my Ihiv." 

Claims of •* The Technical Journal " upon the Attention of the 
General Beader. A Knowledge of Technical Work an 
Important Part of a Modem Liberal Education, apart 
from the Inherent Interest attached to it Nationally. 

It Is p/ii'lly ill this, but el'.ip'tl\ in /i ncpfi' din'd way. llml 
we claim t«,*r I'ur work a lurilier and a wider utility than we 
ha\p vp t lianip'd for ji, We refer laTC to its v/ilue as u bo -k 
of sp,, i;ii',y usp'fui rp-fi'i'cnee Ipp the (t> ttfral r, wlipi may 

Vet iip't U* diue't'y eputriedepl with aia' of the bratip.'hes <•[ 
Wp'ik pU whip'll its pajjes oivi* a special treatnumt. The desire 
to] ktip'w le»l;j:o of all kinds h/is been .su<‘li /i marked foaiuiv kI 
i/ite leais th/ll p'uitivaied men are exj'eeted tp* haw nl I'Msi 
N*mp know h'pjoo i'f tlie arts, seiviiees, and inidt's, which have 
tn;n:s»en.‘d powcjiuUy tv> oui' nat'.pu.al cT' at '.e-ss. And to 
til pse viip- i*o'fvss someihini' more than a nai-p' pass-in^; 
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' acquaintance with their dctaile, and can {nvo when required 
■omething of an authoritative opinion upon them, a position 
in Boclety w accorded which denotes the high value it places 
upon knowledge of this kind, and which, while it is gratifying 
to, is deservedly gained by, its recipient. And it is moreover 
nowadays very hani to say when a man may be placeti in 
such circumstances as may give this knowledge a direct 
l>Gcuniar}' and business value. 

Other Bireotions in which a Knowledge of the Details of 

Industrial Eduoation is UsefuL— Masters and Managers. 

No doubt the actual workers constitute the greater factor 
in the question of industrial education, as they form by far 
tbc greater numl>er of Individuals interested in t he maintenance 
of what is callwl “good tnule, ' hut they are not the only 
members of the community wh(» aiv interested in this matter 
of vital import.ance to us as a pet^idc. The musters have an 
equal interest with men in the right solution of this grout 
question connected with it- namely, how l>estnn(l most (juickly 
to carry out u soheme or system by winch we shall retain the 
trade we at )>re8ont puhsess. This dual J*elation of the two 
classes, the employers and tbc cmploye<i, must not be lost 
sight of in considering the details of tlic general questioii. 
And although it will bo gained in a ditt'eront wny, an<l l>c 
arranged upon different lines, the inditutrinJ edveatUvn of the 
employerH. or of those who. yet young, are lik((ly to be such 
when they have entered on life, must Iw cnrrii'd out as 
carefully and energetically as the industrial education of tin; 
erTiploye<l over whom they are placed. ThoB(‘ will aet and 
react u[>on each other, dt’pondent upon the way in which the 
dual relationship is maintained, either for good or evil. It 
is folly to suppose that, if simply let alone, this relationship 
will somehow- or edher simply a<ljnst itself. And if education 
be insisted up(Ut as essential to the W'orkers wlio are led or 
directed by the masters or employers, siin-ly education Is 
re(piir(}d by the latter also. 

The Belation of Maiteri and Managers to the Groat Question 
of Industrial Education . 

In one sense there is no class so deeply interested in the 
details of the great <jucHtion of industrial education ns the 
mastcTH, for their peeuniary reN|»onsilalitios are simply enor- 
mous, and with lliem a Kjlentioii of such trade as we at 
present have is simply a matter of the higln-st nect'ssity. Kor 
this question of foreign competition this “tcrrildc battle of 
competili<m,'' as rrofessor Huxley, the eminent scientist, calls 
it- is. to use hia words. “ no transitory phenomenon, uiid does 
not depend ui>on this or that fluctuation of the market, or 
upon any condition that is likely to pass away.” So potent 
is this condition that, in the opinion of the same eminent 
authority, who is not lik(;]y to take other than a calmly 
dispassionate view of the case as it stands, we an* only saved 
from a social catastrophe- the imjios-ibility of feeding onr 
vast industrial pttpnlation—** vilely l:y our poFsession of a fair 
share of the markets <»f the world.” And if this “fair siiare” 
can be maintaine<l— if not solely, at least largely- by our 
workers having a higher knowledge than the gresat majority 
of them at prew-nt fK>s‘.efss of the principles u|Km which their 
work is based, and a greater degree of intellectuality generally, 
surely it is unnt'cessary to dwell here upon the responsibility 
which rests ufKiii maKi<*rs, and in another but still imf>ortant 
direction upon managers, in the matter of Uicoming acquainted 
with the details of the industrial ediu-ation which is to m 
necessary to those- under them, and the relation the system 
bears to themselves, who have nil the administrative and 
cxt-cutive w'ork of factories and workshof^s devolving ujxjn 
them- 


1 Praotifiai Aoquaintanoe with the Priuoiplei aiid DataUi of 
Industrial Eduoation Essential to Managers of Industrial 
CoEoeriLs. 

Tt is impossible to overestimate the value of good admini- 
stration and the go<xl managtmu'ni of a largo factory or works, 
and the difference l>etwceu the tw'O must bo noted ; it is one 
thing to Administer, another to manage. And although the 
work of a< I minis! rat ion of arranging the system of working, 
say. in a large spinning mill or a matiufacturing concern, and 
of afterwards managing it— that is, siieiiig that the details 
of that systt'in are carefully carried out— is often done by the 
same imlividual, it by no means follows ibid the talent for 
designing or planning, so to call it, of the system, and the skill 
in looking after its iletails, so that they Ik; done in unison 
with it, arc identical. A man n)ay have skill emough to inakt* 
a machine well w-ho could not move a step towanls the de- 
signing of it, n(»r have the talent to invent it. So a man may 
not have the talent, the experience, the far-seeing capability 
to provide for a variety of possible eontingeueies to <levise a 
system of working, yet may liav(; the necessary qualifications 
to SCO that the people employed in carrying out its work shall 
do this in the host ami nmst cconomitnil inaniK*!'. On the 
(dher hand, a man may have the talent of deMigning. thinking 
out of a Sf‘h(‘Tnc, of |M‘rfecting a sysli-m of administration, 
and yet fail in those habits of action, of fecUtig, of tact, >vhieb 
go to make up a suecessful manager of nnui and of inaterinls. 
It is not a difiieiilt thing to find within the ranks of business 
men, those who like and have the aptitudt* for tlu* admini- 
strative, yet do not at all take ti> the executive pail of work — 
and this not seldom from their idiosyncmtic <lislik(‘ to have 
clow; personal dealings or relationships with men, from their 
ignorance of tlieir habits, nuKles (»f thinking ami «>f acting, 
as well us from their ignoranci; of the fim-r (h;tails of actual 
Working of machines, pro(*eMw;s and llie lik(}, 'riwd a vast <leal 
or large ammint of the sucecss of a eoneern dcjiemls both 
upon its administration and management; and of the two, if 
one is more imporlant than thi* other, the more important is 
the management. Indeed, the <lifferenr;c‘. IkIwccii a conetTu 
which is a success, and another the reverse of this, is gnmenilly 
tlie diffenmee betw(*»'n gusl and )>ad manageimud, not that 
l)Ctween a good and a bad administration or systeniof working. 
A great many (pmlities must he combined to make a go<sl 
manager n«»t merely a g(*neral knowledge of the maeliines or 
pr<>eessi*s whieb form tlu* work of the e.oncern over which he 
presides, but a thorougli aequainlanei^ with the prineiph-s upon 
which these are bawsi, with the materials use<l in the work, 
anil with the mark<;t or commere/ial is>intH(;ouiice.tcd with tliem. 
But a still wider, and in many respei^ls a higher, ciTtainly 
a more ilitticult, mngc of duties awaits the manager in his 
endeavours to be a thorougldy competent and a Mue(;esHful 
one, Thew; dutits lie in relation to tlu; “hands,” the men 
with whom he has to work and who have to do his work. 
'J'hjs relation tests a manager much more crucially tlian do 
jHiints more eh>sely eruinected with tlu; aetual work. And 
if a Muceessful manager were asked what part of his work 
occupied the most serious of his thoughts, demanded the most 
anxious of his cares, gave him the most difiie.ult. proidenis to 
solve, it would not, we verUure to allirm, Is; the technical 
department of his work, but the management of the luirids. 
and the various details of this difficult dejuirt merit wliieli 
would occupy the major i^irfion of his reply. In this depart, 
merit many ijualifies are demaruleil from the manager, soim 
of which are not always eombimsl in the wimc individual, hut 
have to be acquired by long and patient piac.tiec from tlu- 
lessons of a s^unctimes painful experioner, For its ehief 
difficulties lie in the f«et that that singular factor in life— 
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human nature — hat< to Ihj dealt with. The most complicated 
of mechaniwm or of proccBScs, the moist refractory material 
with which he han to deal in cnrryini? out the practical work 
of the concijrrw w facile and cany of manajfcment compared 
with the ever varyinjj, always more or less puzzling imlividual 
charactcristicB of the “hands” over whom he is placet! in 
authority, and uixm whom he is of necessity com})elled to 
depend in getting the work of the establisHmcnt carried 
HucccsHfully through. Tact, prompt decision, firmness of will, 
yet a thorough kindliness, which takes cognisance of the 
Hympathctic, t^he human side of the men he deals with ; high 
m<»ralB, and a slern sense of justice whicli will carry with it 
the conclusion that his decisions will he characlerised by 
the cjuality so dear U» Englishmen- “ fair play ” : all these 
attributes and qualities will find in the details of a large 
concern a wide; field for their exercise, Atul although much 
of the knowledge and many of the qualliios essential to the 
making of a good manager v.m only be learned by tlie actual 
practical training early l>egun and long iirohmgcd through the 
daily work of a factory or workshop of the same kind of which 
he aspires to he some day a successful manager, still such an 
one, aiming at ho useful a life and work as this, will l)oyond 
all «loubt tleriv(^ much Ixmcfit from the results of private 
study, T)»c writer of the'se lines has avsiltMl hiiuHclf of every 
legitimate opp(u t unity to point out tlio importance of what he 
dci'.ms to be a valuable practical trufh-^- namely, that, a] )art 
altogether from the details of technical cducatioti ns they 
concern our worknnui, a vast amount of the future of our 
nianufacturcH th'pemls uism what during the next few years 
will be the action of the mnsters, the heads (»f the concerns, - 
this term l>eing used here in its widest acceptation, as including 
iimnagers and the higher <dasH of foremen. And this opinion 
the writer luisfcu'med ns the result of a fair amount of practical 
knowledge of tlu' elass or classes, and of what has been ami 
what is now the positi^ui they occupy in relation to tlic 
practical work of our industrial trades and callings. Some 
practical knowle<lgc also of the working-elassos, the ’‘hands" 
of foreign countries, has in this eonnetdion led the writer of 
ihesi' lines to the eonclusion that the w’orkmon of this eountry 
have great if imUxiil any reason to fear tlie competition of 
*lhcir fellow-workmen ou the (’ont incut. one who, like the 

writer, has an actual actiuaintanec w itli what wuue of the most 
imptu'tant dopartmonls of industrial work are, hut must have 
iKjen stiitck with the differenee het ween the workmen of the 
<\>ntincnt and those of our own industrial concerns. Some 
authorities who, from their exisTienc’e of the aetiml ciix.nim- 
stances, have certain ly a right to give an opinion on the 
subject, maintain that a Uriti^h w'orkuuui is (juite equal to 
two tierman work men --taking this nation as re])rcsimting if 
not the keenest certainly the ablest t»f the foreign roinpeiitors 
with our trade. While we might hesitate to indorse fully this 
opinion, then* can Ik* no <loubt in the minds those who 
know what the two elaH.se» of workmen an*, and what the 
(piulity of the work they respectively turn out, that ths IJritisli 
workman is far ahead of his German eompt'tilor, We might, 
<iid s])i\cc permit, run over a number of facts in pnxd of this ; 
but to one de|4irtment we may eontidently ri’fer atTonling a 
striking proof of the truth— that is. tin* department of ntachine- 
miiki!\g <»r general mt'chauioal work. Heix*, Ixwoud all dispute, 
the ltriii'«h machinist occupies a position so far ahead of all 
Ins comjK’titoju. that it will be wholly his own fault if he 
allows them oven to appnxieh it. All this is true of the 
ndative jK*siti<»n of the British and the Oontinoutal workman, 
and is eori’obomtive of %v)mt we have aU)ve stated — namely, 
that while the HritisJi workman has ap|wvrcutly less to fear 
from (Continental workmen than lumie seem to havt* con- 
i'lnded, this not true of the British masters atul managers. 


It is fast becoming a convictioD in the minds of the far-seeing 
amongst our practical authorities, that the real, at all events 
a very great, danger lies in the fact that they— the masters 
and managers— will fail in the keen competition with their 
brethren. We believe that a full investigation of the po Ition 
in this country would go far to show the truth of this, - The 
Koyal (lomroiHsioners who were appointed to inquire into the 
c<indition of technical education in this country and on the 
Continent seem to have l>een most deeply impressed with 
this department of the general question, as will be seen from 
the following extract from their report, to which we beg the 
earnest attention of our readers. The CommisBionerg say that 
they “ ('annot rvpvat too often go impressed have they been 
with the vital impfirtancc of the Huhject^ — they “cannot rei>eat 
too often, that they have been inij)rcBBcd with the general 
intelligence and technical knowledge of the masters and 
managers of industrial establishments on the Continent. 
They have found that those persons, as a rule, possess a sound 
knowledge of the science upon which their industry dejKjnds, 
They are familiar with every new scientific discovery of 
importance, and ai)preciate its applicability to tljcir special 
industry. They adopt not only the inventions and improve- 
inentH made in their owjt eountry, hut also tlione of the world 
at large — thanks to their knowledge of foreign languages and 
of the conditions of manufacture prevalent elsewhere.” In 
other directions (Continental masterK .and managers arc ahead 
of the like class with us. They are ahead of us in the way in 
which they find out, new markets for tlnrir goods, and, what is 
of equal inji)ortancc. in the way in which they adapit themHClves 
to the. habits of the people they trade with. The Commissioners 
on Technieal Kduciation note with high approval their pains- 
taking, their pdinney, their greater thrift, and their cultivation 
of modern Itniguages and of economic geograp>hy, as elements 
in the success which meets the efforts of our Continental 
conqx'titors. We have thus clearly shfjwn the imporbrneo to 
nuisters and managers of a knowledgi* of technical subjects, 
While the young nuuiager. therefore, is careful to acquire all 
which a pivinstskiTJi: practice will give him. it will bo well if, 
w’hilc ho is pa.ssing through the years of his early i)robation in 
the works, learning all which will l>o of service to him when 
he assumes the (.itliee of n manager, t(» which when young lu* 
aH]>iroH, he bears in mind tin* truth of the saying of i\ great 
and sucees.sful man. hiriwelf a splendid example of the effect 
of careful training ami of Acmr that ”all knowlcdgii 

lies hid in hook'^.*' And nlthmigh the'.e pages would be the 
la''t in whi<*h book study would Ik* placed as first in imijort- 
ance. to tin; exclusion of that pinetical tinining in the work.shoji 
or factory without which technieal or industrial education 
wouhl be p>rnctieally ust*lew, still it must not for a moment' 
U* forgotten that the knowledge which docs lie hid in IsKiks 
is the basis on which all piraeiical work resis. by wliich its 
priueiples are exposed, and in which its best work is roconh*d. 
The knowledge wliich lies hid in h(><>ks is simply essential to 
the man uho wislies to be thoroughly informed in all depart- 
ment.s «>r industrial science ; and in a work like the pnimml, 
which i-. spocially designcil to Ik* a guide for home study, 
emlxslying the princijiles upon which the best practice is 
based. It is scartx'ly na’cssary to say more ns to its imjKjrtaTicc. 
Ti> such, then, wlu» are looking forward to be managers of large 
industrial com’cniB. the conductors of the Industkiai. Helk- 
iN.sTKft’TOK roll Home Stcdy venture to believe that, although 
not pre(Mired with direct (ir special reference to them, still, within 
the range of the subjects it treats, n«> small amount of knowledge 
useful to them will in* found ; in thi^ present paper, and in 
those entitleil ”Thc Workman as .a Tei'hnieal .‘’Student," “Tlic 
Itni'Kluction to .Mwdianics,*’ "The General Machinist," •* The 
(>rnamental." "Machine," and "Geometrical Draughtsman.” 
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iTiJty fx*. "r)ji> Jahoiir of his lixs not hci'ii iu vain, 
liathci- in tnilh has it lax-ii nssmtial. For it has 
^n'voii him a potont |)ou<‘r, uitli only tho trifling 
in('onvaiiit‘no(< of strn^'^'Iin;' ami (lis}i]>|>oint.nitmt and 
ocraMortal •lownhcartiMlnn^s thronj?li which lie lias 
^rom*. 'I'hc hoalthy working' infhmncc of this whole- 
Mimo ‘Mrml^a‘ry '' or “apprentice work ” he has ^'oiio 
thnni^di will he felt (lining" the 4 *ntire course of his 
artistic careia’, and it will with something ot salis' 
faclion (hat h(^ is ahh* to r(‘<‘(dlect. that he had the 


the dexterity of the hand, which must mainly ^mide 
him. In the examples wliich will follow in suc- 
r!i.*e(ling chapters, he will find a much fuller develop- 
ment of the instructions which have been ali'eady 
laiil down. And tliesc examples we commend to his 
careful consideration and dili^'ont copyi^^^ both as 
spixamens which will afford him ^ood practice, and 
as excellent initiations into the purely techni(?al work 
of oruaiiicntatiou. The student will find tlie leading 
spijcialties of ornamental art, or the Mp[)lieation of 


Fie. 21. 

^^)od .^eiisi' to“ b(‘gin at th«‘ beginning,” and do its hard ornament to tlie vai-ious br/uiehes of art leanufacturo, 

work palieully and with a thorough deiermiuation to diseu.sM‘d in tia* ]»api*r under the head t»f “Form 

,lo it well. i^od (Sdonr in InduMrial Decoration." and in tho 

Do n(»l, how(‘vm\ let him delude himself with tln‘ paper-; .supjilementary to this, vhicb take u]» the 
notion that lu* has a(*(*om[dislied everything re^pured Milgects of “Ornamental Work in^\‘('o.l, Slenc. Terra 
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to make him an able ornamentist, He lias simply Cotta, and in Iron/' and iu that whii'h takes up the 

begun to iind although he lias an accurate subject of “ Mouldings,” 

knowledge of tln^ alphabet of the art, and can form Snbjectt for the Student to Copy. 

its letttM's into >imjdi* wonls, the iH’nimlless field of its We have ju.Nt stated that wo should give various 

dis'i'i\siiii‘d literature, so to .•iay, still in'eds exploring. drawings wliieh, a.s <\\amples. will In* nec'essiiry for 

To use the illustratitm U*fore given, we have plaeed him to masti'r iu order to give liim that facility for 

the pupil on tlu‘ thresliold of a splendid temple, and “(‘opying" which is tht‘ first essentia) in “ de-i-fning.” 

hande\l him tlie k*\v of it. It is on himstdf now. Hut those dniwings which we now pr<K'Mtl to place 

principally, that tiu* work of piv»gn*ss must fall. It Ix'foiv the pupil, while tliev have this esH^ ijiially 

is Ids own powers of ob.servat ion, aided as these must UM'ful ]>urpose. are pivjvired with another view— 

1)0 bv the cultivation of the awuraev of the eve and namelv, to oommunk-ato to him a knowledge ^f tlie 
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leatiin^^ cljariuneri>tio> of tlio clui‘l‘ oi orna- apply iho linos to tln^ shapos of objoots. Tln‘ tirst 

niontation. Tin* w liolo ha\ t‘ bi'on oaivfully tlo.'.iiriu-d is a (*on\oiiti»»iial form of a loaf (tig. Aftt'r draw- 
aial piopaivd .^pooially for tlio pagos of tin.'' work. i»ig iho shapo, uiakiiig l^otli siilo.s oipial, tlu‘ .Nludont 

And tliis nuudi ai K-ast may bo Siud for tliom : that ^^ill thon carofally dr.aw tlu* voins, aiul l)alaiu‘i' thorn, 

ihovarotho otuotan<‘ <'f suoli praotio.al i'xporioiu'o a> making both sidt's otpial : this is vory ossmitial. 

is likoly to bo obtainotl from iho work of a lifoiimo following tho last tigiiro, tho studont W'ill draw Nrrv 



Fi'T. 2^, 


{h'Vfrod to lla* toftoljing of dosign, witli spn-iaJ oan-fidly tliis ( ‘vpro-'Plxjunioian wim* onp. in Jig. ‘J I 
appliiMtion to what is now widoly known as Art it is drawn tlio samo d/o iis tho oi-igina), from a on { 

Maniif lotnro. rniuh* tlnoo thon.sand yoars agfi. Tho slndojji will 

Tho ]in<*s whicli the studiait has Idtliorto drawn <d>sorvo how* tho li[> tnrn^ in, to [novont spillingo W * 

woro what might ho ctillod olomeiilary linon of orna- h;•^o dniwn in Jig. 2o tho so<»tio)i, in ordor that In 

mont. We .shall now prf>coc*d to <lr.aw “form,” ar miglit s«’o tin* insido shape, as well ;o tho ont^ido. 
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THE EOUESTIC HOUSE Ofi HOME FLAHHEE 
OE DESIGHEE. 

TIIK WoiiK or TTIM YorN(i AijcMirKfT Oil T}i:im)J:u in the 

CHAPTMt ITT. 

■ “ Storing ( Jonvoinoiu^fts OHsontiiil in 
ovoi y I joiiso.'' we eruliMl onr lust l)y ihut 

if NV(‘ will persist in iMiildinjx lionses witliout coTivoiii- 
(‘iicc'' to ininistev to linbhis of order iind wliat 

r{ill<‘(l t.i(line-s, it is folly to expect their oc(?npierK 
to lie or<h‘i'ly or tidy. We were nhoiil to nay thiil 
it is not easy to ti»ly when no in<*anH to hocure 
tidiness are at hand; hut, the tiaitJi is, llait it is 
]»rael ieally iui]»o.-;sihle to <lo so. One cannot, like 
ii Maljoiueljiii, vvasli wilh make h(‘li(.‘V(‘ soa]> and 
invisible water. W(‘ may talk lon;.^ enon^di as to 
till* value in e\ery household, however mean or 
poor it may he, (»f jMittin^' (‘veryt liiiij^ in its ja’Oj)er 
])lace; hut it, suri'Iy tnkes no ^irisat, de^ove of wisdom 
to kimw that this cannot he dom* if there he no 
place pro\ ided for tin* tliin^^ to he put in. And 
vi‘l how fnvpieiit ly do we meet with cases in which 
it is hut too oh\iou^ that if this modicum of wisdom 
was poss(‘ss(Ml, it was not at all events mad<^ available, 
so far as tla* plan of tla^ eottii^e ^ave any evidence. 
It may hi' well miou^di to talk of iinjirovemcnt of 
the habits of the lower orders, as tlnw arc* perliaps 
somewhat, too complacently ciilleil, hut it is imicli 
lietlerto see that we actually do provide thcmwitli 
the means of imprmement. .Ikx'S this all come about 
heeaiise to talk is so much easier than to do, or is 
it because talk of this kind is pleasin^^ to onr vanity ? 
Tossilrly this last, iiiasmneli as it iin[»Iies that wc 
who denoniu’C the home Iiahits of the poor must, 
therefoi'c, he on a lunch hi;dn‘r platform than they, 
(ku'lainly we have been for the last, lifty years at 
h'list, indul|j:in|u: in mneh talk, both on platform and 
thron^di tlie pn-ss, as to the essentinl im]>ortance of 
what we call sanitary imiM'Oveinents, and yet liavo 
done practically so little in securin^^ them that we 
liave s<'ait‘ely he^otn even the simplest of its work. 
Hundreds of eotta^es and houses of the same elass 
are hein^» built every year, each one of wliich is 
characterised by an almost, some indeed by an 
absolute ahsenee, of all those eonvt'iiienees tending; 
to ju'ornote that tidiness of home habits we talk so 
much of, and profi'ss to bo so an.xious to see universally 
carried out. 

Abienot of Workinif Oonyonieiioei * Characteriatio of otoh 

High-olaii Houioi. 

AVe have* said that this delicienoy in house aecom- 
luodalion as re^^ards what are kiu)>vn as “conveni' 
dices,’' and which ai'o absolutely essential to the 
attainment of home comfort and ctjonoinically done 


household work, is chiefly observable in houses of the 
lower classes. Tint it would be quite a niistiike for 
the reader, whom we sujipose to be at present some- 
i.f of the sLibioet, to 

doficjiericy does not exist in Imnsi's of a very much 
superior class. Ev(*ii in the wise of middle-class 
houses the conveniom?es fire supiilied only in the 
minimum way. There may he a few cupboards 
proviileil, wd;i<;h may servo either as places for sloi ing 
away ilislies, etc., w'hen they are in the low-er or 
working' room.s, or in the casi? of the uppt'r rooms as 
wardrfihes. Hut tliese cupboards as a rule pit made 
simply because tlie very construction of the house 
compels, as it were, such to be made or provideib 
We I'cfer to tlie places or recesses for such cuiiboarcls 
formed of necessity by the iirojocliii^^ jambs of the 
fireplaces, which are wo ofl.(‘ri met witli in houses of 
the middle classes. So often met with there, inas- 
much as it is more exjiensivt* tf> contrive the walls 
so that the proj(‘(*tions demanded by fireplaces sball 
be, so to way, concealed witliin the wall — that is, the 
side of tho room in which the tirt*place is shall liavt* 
no recesses one eacli side of tlie fireplace, hut be of aw 
uniform or unbroken a surfaiie tbron/,,diout its extent 
aw any of the other walls. 

Use of Fireplace Becessei as affording Spaooa for Storing 
ConvonicnooB. 

The roc(*sses formed in so many of llic rooms of 
our middh‘-class houses, and, as it were, naturally 
jirovided. semu, so t.o say, to su;u:p*st as naturally that 
the best W’ay to utilise s^iai'es whieli go ba,i*k from the 
general lloor of the rooms is to till them u]) with 
shelves, w'hieh will hold something. And this use of 
the spaces is so exceedingly obvious, that only the 
most careU‘ss of house planiiei's and const I'uctors would 
pass them by and leavi* tlieni just as they naturally 
are. Some, liovvever, do, — wi,* should he witJiin the 
mark whim w’e say that a gri'at many do, - and very 
hard indeed is it for some tenants to persuade theii' 
landlords lo give iheiii llu* extra conveniences whicli 
sneh recossi's would alTord if titled up with shelves, 
either left- open, aw in the case of a sittiiig-rumn, lo 
act as bookshelves, eti*., etc,, or enclos'd with a, door 
or folding doors, so as to act as clo^e ciij (boards, in the 
c.a>e of a kitchen. AVe sliall see afiei’wjirds liow tlie>e 
recesses may he utilised, and so utilisial as to alTord 
objects which in a simple hut efl'ectivi* way will adtl 
much to tile decorative attractions of the room. This 
j>oint, we regret to niv, is by no niwanw often thought 
of even in good houses of the middle classes; all that 
is tliouglit essential being to leave tho w’all surfaces 
as hare and bald as possible. 

Special OloietB or Storing Oonyenienoei Veceiiary in Honsei. 

Hut in using such rn'csscd wpaces aw aflbriliiig 
household conveniences in the way of giving places 
for storing up and putting things away, wonie liouwe 
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})uilders scoin to have exhausted all their })l»vnninjuf 
ability in this direction. And this not seldom, if one 
may jiidpe from the fact that in a goodly number of 
tlu> houses which they have planned and built, not a 
siiifjh' closet, even of the smallest, has been arranged 
in their plan which could be used as a store for 
any one of the many classes or kinds of what are 
called household stidV or "ear, which every house 
posse^st's. As for a lar<l<‘r,” or true “ st on* closet,” 
properly situated in a pai-t of the l»ouse best calcu- 
lateil for eonvenituice, and for keepin;^ meat and 
provisions in ^^ood condition for as lon^ a time as 
possible, such a contrivann; seems to bo utterly 
beyond tin* thou^jfhtfu! or inventive capacity of son»o 
lioiise plannei’s. If to design a ilrin^f implies thought 
as to tlie jiurposes for which the thin^ is wanted - 
and this is assuredly ulial desij'n is.-.tlu‘n siieh laaisc 
builders and planiuM's have but Htth*. if indeed tliey 
h ive any, claim to tiu* title of house <le'i^ou‘rs. 

ConvenleiLt Arran|fement of Store Cloiete and the like, 
EsBontial in Houiob. 

It ess(‘ntial, then, in ovdei* lliat honst'liold comfort 
b(‘ secureh that eveiy liouse shall have imt merely 
.siu*h sieeidental e(mveniene(^^ as eupboards fixed in tire' 
plac(‘ r<‘eesses for aecidetita,!, in a measure, we have 
shown them to be but spisdal jdaeos or aj>avtmeiits 
])urposely firraii;j‘iMl. And these iinist Vie in si/.e and 
ill niimlier ])ropoi't ional to tin* si/A‘ of tin* liousi*. This, 
iherefore, make> the rule ai>plicable to the smallest. 
Inmse, in whi<*li comfort is just as nee(‘ssary as in a 
larger om*. I hit it is not only ne<*i*ssiiry that such 
])laces be pro\‘i<led in ev(‘ry house, liowever small, It 
is equally essential that such eoiiveniences be oonrvul 
placv'd. .If not, tln'y liave no jcal ri^dil to 1 mi 
considered conveniiaict'S at all. Knr the work of a 
li<ai,^e has to or should be done not only in an onlerly 
way, but di.me as economically as possible, as iv^^ards 
file i‘.\p(*nditiin‘ of time that ^'commodity” the value 
of which isofton talked about, but which neverthe- 
less, not always considered as it ou;[^hl to be, 

Relation of the Working Convenionoei of a Houie one to 
, another. 

Any arraiijjemeni, then, of home convaaiiences which 
involves th(? oblifratioii to f?o over an unnectissnry space 
of thM>ring, or of seiiarating needlessly one room from 
another, shows that it is a bad or car(ile.''sly thought- 
oul pai't of the phuining, (km\ eniences, to he worthy 
of the name, should l>e clos(^ at liand when wanted, 
or svhere tlie exigenctfs of the household work to be 
done demand. What, thei'cfore, must that house 
idanner have had in Ids mind as to the corre<'l principle 
which regulates tlie arrangement and const l uetion of 
house conveniences, when he put his larder or store- 
<doset upstairs on the lM*droom lioor? We had little 
doubt, when we came across tins ecrantrieity of” 
liouse-planning “ geidus,” that the builder did not 


desigumlly or purpo-ely [ilace what he called his 
larder or store-closet in this ])leasaut aud protitable 
position. What happeiu‘d, likely enough, was tld.s, 
.In ])laiiniug out his house on pa]>t‘r, he had come 
acro.ss, so to say, a \ acaut space formed by tin* way 
he had ai-raiiged his bedroom flour .surfaces. What 
to do wit!» tills space woukl pi'tibably pu/y.lc him. 
It was too small for even the smallest of lu*d-closet.s 
— and some builders have a. most vivid imaginatiou 
ill the way of conceiving the smallest, possiblt* sjmee 
in which a Ixvl, so calleil, can In* placed — and it 
would not even do if called a bntli-room. What 
name, therefore, could ho better given to this unman- 
ageable space tlian that of “ larder and si ure-eloset " ? 
And so it Wiisealh'd nut, n tliuuglit, apparently, bi*ing 
given to tins fact that, so pliu'ed, if was for the workers 
down stairs jiracdically um'Uss. And so, in fact, it 
ju'oved to bo ; for rather than keep ‘‘running uji and 
downstairs " for es’crvt liiiig tliey u islied to t.ake out of 
t»r ]»ut into this store closet, and larder, so calk'd, t lu'V 
preferrcal to put up with all tin' ineon\ (‘ni(‘iiei‘s they 
]»ossessed below. Whmi w<‘ tinil, as we iia\i' ofU'ii 
found, iliat tlu^ little crib of a, place yt'l(‘pt in the 
language of tlu* plan a “ store-clusi't " or a ‘‘larder'* 
is jmt in the most incouN'enii'nt, and for a, ianler the 
most unhealtJiy jdaec, we genoi’iilly eoncliide that it 
has got tlun’c by some such ('lianct' of planning as we 
liavt' alluded to abo\e. The plaiinei' iiiuling that the 
laying out his lioor spae<‘ into wliat ho believed to bt' 
the only apartanents worthy of considi'rat ion, such as 
eiiti'rlaining rooms, kilclu'ii, and the liki*, hiul left 
a spaei' wliicli was too Miiall to he made anything else 
of, and tla*refoi‘c »*oiilil scarci'ly do othta'wisi' than ilub 
it a store c'losi't or a, lardei', sei'iug that- e/c- the plan 
and papi'r— some name wii.s lu'cessary to liu slated, 
Whetlier it could be jiropi rly and pi'iditably ii.'^ed 
as .such was not- liis coikm iii, (lad lie not gi\cn a 
store-room'/ was not a larder provided -at lea.st, 
some erib so named / W hat, i-lse could esen the 
most exigeaiit of laaiseki ( pers rc(|iiir(' / 

Good Planning involvoi Attention to All Farta of the Home. 

(lood planning, then, to lie at all woi-ihy of the 
designation, in\o|v(‘sihe necessity loeoiirtidei* carefully 
nvf^rjf ptiH i\f tin* a liouse, ll mii.'^t 

not nmrt'ly comprise those ajiarl lueiits in wliich the 
inhabitants live, but it must take lie(-(]rul notif of all 
those minor apartments or plai'es wliiidi ore- ej'seiil ia! 
in order that living shall he comfortable. Knrtlim', that- 
this comfort shall Is.* secured so that those who attend 
to it shall not, lie railed u[K)ii to do unneees.siiry work 
and tlierefore undergo utjneee.--.sary fatigue. Humanity, 
itjdeed, demands the latter point to he carefully <'on- 
sidered, and we f<*el jissnred tliat many a gned heiirted 
jdanner of a house w'ould Isi shocked to he fold that 
he was the (fanse of pliysieully torturing tia* jmor 
servants of a liouse he had huilt. And yet a very 
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little oanf-tithniiion will i^how thnt a poor servtmt will 
have all tJie physiail tortdire of great — it is sometijiies 
intolanible— fatigue, incurred hy frequent running up 
and down ft flight of Ktops or along a passage of great 
length, both of which, and all other inconveniences of 
a like kind, could have been avoiilod bad the hoiiFe 
]dnnner givf'ii 1o liis design some wireful tliinking out# 

Good Planning involves Oonsidorations otlier thin those yet 
named, ai Points oonneoted with Windows and fireplaces. 

Jbi(. lji(‘ rc(jiiir('in(Mits of good jdanning of bouses 
ar(j not all met wlicii the rooms and the working con- 
voniemcos are ])rovid(‘d not rinlv in exact number, but 
in proper arrangement. Tbi^ planner Jias to t?o)isider, 
and should consider, Kucb points ns the way in wbieh 
those plae(‘S and apartments are litLod up with doors, 
windows, etx\, etc;. Th(M!onveiii<‘ne(MUul erimfort of a 
room dep(‘ml very miieb imh-eil upon the way in wliich 
its crmipoiKMit/ parts are I'elatcd to on<i nno(li(*r. Tiie 
position of tlio doors, tJie window's, and (be lireplace, 
should lliei'efor(' be eonsidi'red most carefully. So 
important are the conseipu'nees arising from neglect 
of or inattention to ibis, tliat w’e should strongly 
counsel llio young arch it ('<*1 or laubba* to draw' eacli 
room t'O a largi' s<m»](‘, ami ear<‘fnlly maik out the 
])osition (»f doors ami windows and firephuu* in rela- 
tion to t‘acb <»tln‘r, and how this position airecls tiio 
placing of the furidt nre. JIow important this work 
is may b(^ gntluMiMl fr<un the fact, whicdi some may 
haV4> a dilliculty to hePM'Vii as such, that some rooms 
are so nrraiigetl in the above respects that furniture 
mtntot 1)0 projuM’ly j)lac(Ml at all in lliem. In a bed- 
room, for example, the IumI cannot possibly l>o jdaml 
to avoid its htaiig flangt'rously imar tlio tiro. Or 
tills can only he avoided liy its being phuanl across 
a window, which practically is o<jui valent to putting 
the window' out of use, so far as its hOng opt-ne^l and 
shut for ventilation ami health purposes are con- 
cerned. Ill diniiig-iooms, again, the frei* wall s]iacos 
are very frequently so fmv and so short, that it is 
an absolute iiiqmssiliility p) place a loiigish piece of 
furnitnri‘, such as a sofa, or a sidt'hoard, without 
blocking up a window , so that it cannot he approached 
for any useful or nece^-sary purpose. The writer of 
(Ills paper has elsiwvlua’O in om* of the professional 
journals gom* sonuwvhaL fully into this department of 
house planning, and he may he pennitt4‘d to give 
here a renumt' or epitome of the leading points of 
his remarks. 

Placing of Boon of Bodroomi. 

U is certain that much of the comfort, assuredly 
much of tlie (^onvmiieiice, of a hoilroom depends upon 
tluMvay in whicli the door is plaeed, or doors are placed, 
with relation to the tirejilact* and the window^ or 
windows. Some ni*e so carelessly planned in this resjiect 
- if the term “ jilanned,” indeed, can be hei’O applied 
— that it is almost impossible to place the furniture in 


the way in which it ought to be placed. Not seldom 
are tho bedrooms, from this cause, almost useless. 
With some, all that seems necessary is that the room 
should have a door; but whetlier it exercises any 
influence upon the convenience of the room ns n plaee 
in w'liicli to sleep and move about, in, does not seem 
to have been Ihougbt of. A very common mistake 
is to place the door in tlu' centre of the wall next 
the lobby or landing idnce. This position almost 
invariahly cuts up the. furniture — that is, the free 
wall-- space so nnuh that it is not easy to place 1 lie 
articles or pierces projierly, and in the case of small 
IxMlrooms is almost an imjiosslhility. Thus, take for 
examjde a case in whicli tlie lireihice is to the riglit of 
the wundow', and door in the centre of the w’all 
leading from the lobby, and op]>osite tlie lircjilace. 
Taking the s|)ac*e occupied )>y tlie bed, it w ill he seen 
that there is only om* position in which it can las 
j)laci‘«I ; {ind e\ cn tliis is an unforliiiiatc* one. ns it 
throws the fool of tbe h(‘d loo near tlu^ lii-ejhiee. 
It cannot l>e plii<a‘d in either of tho eoi’iiers, for the 
w'idtii of the wall snvfaei's at those ])oints is ,so navvow' 
that the sides of th(‘ h«'d eomo ]»ast tile door aivbi- 
traves. Tla* diflicnltv is still greater wliere the room 
has to contain a wiivdrohi‘, and wlu're its area is 
comparatively siiinll, for the coriuu' wall K]>aces (‘iinnol, 
take it in, and it cannot he pl.aced up agairi>t ilu* 
window. And if. to m.ake room for the wavdrolie in 
the eoriK'r near(>st the door, tiu' hi‘d is plaeed lu^ana' 
tlu^ linqilat^o, tlie im-onveuioiice in this way i> imule 
all the greater. Or if the corner near the liivjdaco 
ami farthest from the door iiTiil window is taken, tin* 
bed comes too m^ar tin* door. All the ilitruuiltie.^ named 
— and they are not fanciful ones, having been nu't 
with hy no means seldom in practice — could have been 
avoided hy siiiijily putting tlie door in l ither oiii‘ or 
other of the corners of the room. This give." gre.at 
facilities for the dispo.sition of tlie fiirniuire. For 
there is now’ room for tlie IkhI head to he jdai'ed 
opposite the liroplac-e and ugain.st the jiartition wall 
seiiarating tho room from tlie lobby in which the do<»r 
is placc‘d, And this gives a good free sj)!i(‘e hrlwetai 
the lireplaeo and tlu‘ fiKit of tin* bed. Kooin can also 
be had for tho w'ardrolu', w’hich is placed to llie Id't 
of the l>ed — that is, in the centre of tlie wall opp.>-ile 
tlic window. 

Sketching out of Poiltloni of Boon, eto., in the Plane of 
Bedroomi in Belation to the Poiitione of their Pamltare. 

The young reader should pencil a sketch show’ing 
the ariiuigement indicated above, and tracfo nut all 
tlie possible arraugtunents of the iireiilace, window 
and door in relation to the aiTungemeiit of the fur- 
niture. lie w’ill, in doing this, And that points are 
involved other than those named in last p.u'agraph, 
W’hich materially aflect the comfort of tho.se occupying 
the rwm. 
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THE CALICO FEINTER. 

The Chemistry ard Technical Operations of his 
Trade. 

CHAPTER IV. 

At the concluf'ion of tJio previoiiw oliapter wo stated 
tliftt few vegotablo dyes are now in general use, o>ving 
to the superiority of artificially-mado dyes. Still, 
however, several of those iiatnnvl products hold tlu‘ir 
ground in spite of many manufactured rivals, ami 
are no loss valiu‘d now than they were before the 
advent of the “anilines.” Those are indigo, logwood, 
l»ark, berries, and a few others, in addition to peach- 
wood, sumac, etc., eiiiidoyed in dyeing on printed 
inordaiits. The use of indigo, both in printing and 
ilyeing, being trea,ted in a subsc<piont portion of our 
work, wo pass on to the subject of logwood. 

J\o(jwocuL This dye wood is one of the most im- 
portant of vegetable colouring matiers. It is larg(‘ly 
used, both in the coloiu* sl)f)p as an oxtiMct, and in 
the dye-house as “rJis 2 )C‘tr’ wood. “[I'lie only colours 
foi' winch it is employed are hhick and lila,<! or ])ur]do. 
With iron and chroniiuin salts it yitilds a splendid 
black, which is fast against soap and lighl. For 
printing, logwood litpior is mixed with mordant and 
t]iickc?iing and printed, and is dovcloj>ed by ageing 
in llm air or by steaming. In order to obtain a better 
black, l)nrk liquor is mixed in the c'olour. A good 
cxtnnplo consists of ul>out 12 gallons logwood liquor 
at M^'Tw., 4 gfiVoii' l>ark liquor at 12^^Tw., 5 gallons 
acetic a<ad at 4" Tw., .‘10 11). starcli, 6 Ih, dark 
Hritish gum, 3 11). chlorate of potash, 2 g»illons of 
acetate of chrome at 38^ Tw., ami ;! gallon chroino 
alum .solution at 20''‘’ Tw. All these ingredients are 
l)oik‘d toget her, exce]»t the clirome which is added after 
cooling. Of cours(‘ there are a groat number of other 
‘Standards” of logwood black made from the above 
by varying tlie pi’ 0 ])oi‘tions of starch and water. Also 
some blacks are made with more hark than the above. 
The ohjt'ct of using chlorate of potash is to aid the 
oxidation or devt.-lopment of the black, 

/irtrA'.—This is msed diiofly in combinjiiion with 
logwood, fiH above stated, to produce a black, It also 
yields a yellow with alumina and with tin. It is 
used wlicre a j)uro .shade of yellow is not re<|uired, 
as it gives an inferior shtide to berries. A good 
example of bark yellow is made from 1 gallon of 
hark liquor at 12° Tw,, 4 oz. alum, 1 lb. starch; these 
ingredients are boiled till the starch thickens, when 
it is strained .and is ready for use. It i% largely used 
for obtaining olive dyes or colours— being coiribincd 
with aniline green ami logwfxal black, etc. 

Persian Perries . — This product is largely used both 
in the colour shop and dyehouse. Tlie berries are 
boiled with water, tinder presMire in an extraclor, 
and the litjuor obtained used in dyeing, and aho in 


the colour shop ; hut tho largest cpiantity of it is 
consumed in the colour shop in the form of l»oi'ry 
extract. This is used for yellows, of which it gives 
II beautiful bright shade; it is largely used in general 
colour-mixing, especially in giving a yellow sli ule to 
aniline groori, and in mixing olives. Alumina gives 
with berries a very pure canary ytOlow, whilst tin 
yields a jiiiro yellow of an orange shade. An nverago 
berry yellow colour is made by boiling 1 gallon of 
tho extract at 24'’’ Tw., with 12 oz. of starch, and 
after cooling, mixing 1 Ib. (utrato of tin pulp. Citric 
acid is sometimes added; some colourists also uso 
acetic acid in this colour. 

The above three vi^getablo (folouriug mailers are 
tho primfipal ones now in use in the colour shop at 
the present day. Tluu'O are, ind(‘ed, a gi'cat many 
other natural colouring vegotahlo matters whicli give 
Iwiautifnl shades, hut tluxse htiA'o Ihh^ii n‘)»]M(*c<l or 
discarded in fav^our of cheaper ami f.aslm- dyes. 
Thus weld and several otiior naXnral dyo uares are 
now seldom ns(‘d ex(U^[)t for “ sightoning,” /.c. For 
mixing with some luvarly (solourless pi'iiitiiig eompr)- 
sitaon.s, in order to hi! the pi’inter see tho impression 
distinctly. For desetriplions of many other vegetahlo 
dyos which, though now seldom useil in priuting, are 
employed in eottou and woollen dyiang, I ho reader 
is referred to chajiltu* on “'I'lio (’hemistiy of 
Ooloiiring Matters.” 

5. Ani/nal /b/^i — (Joa/tintud. is only 
natural dye of animal origin now used in tluM'olour 
shop, and that to a very limited exti'iil only. An 
account of cochimsal will l)e found in (’hemistry 

of Colouring ]\1 alters." 

Vethodi of Printing or Laying Down tho Oolouri on tho 

Bttrfaoo of the Calioo or Cotton Cloth Tho Blook Method, 

,The read(;r, having studiiMl the foregoing I'hapler, 
should now be ]>ropared to follow us while wo explain 
tho points connecterl witli the mutual u<e of tlie 
colours thus jiri^pared in irnpai-tlTig to(!idico patternsof 
diHereiit kinds in infinite variety of foi'm a-nd colour; 
in other words, tlie op(U‘)ition of printing tlu.‘ calico. 
(See the papi‘rs (uitilkMl “ F’orrn and Colour in 
Jiidustrial Dworat ion.") 

There are two kinds of printing — Ikloekand macliino 
or cylinder printing. 

(1) /Hoe/c l^rlolintj. — Ulock jiriuHrig is the laying 
down of tlie design or prirtion thereof • whether in 
one or more colours upon tlii' dolh fi'oni a block of 
wood, upon wliicJi is cut tlie d(*.'«ir('d pattern in relief: 
tho raised jiarts bidiig c.oabsd witli Uie tlii(*kened 
colour, the lilock is pres.M?d down upon tlie cloili, kj 
convoying tlu? palteiai to liie cloth, jtlock pi'inling is 
generally executed by hand ; but in soim* ca,*>es a ;-implo 
mechanical ari'angemeiit partially i-cphutes liand labiair. 
The block is usually, but not inviu-iably, cojiipo>(.'d of 
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wood. It is generally made as follows : — The bottom 
or face on wliich the pattern or portion of a pattern 
j« to be cut iH of the be.st syc-imore, with the grain 
running Icngtliways of tlie block ; aliovo this is glued 
and pt‘gg(;d a piece of common deal with the grain 
across the block ; on the ioj) of this again is anoihor 
piece of deal, with the grain running lengthways. 
This is also both glued and pegged; and after the 
glue has btM^u dried in the pit'ss, it is ready for further 
tceatnjent. The pattern or portion of a pattern is 
now inured on or traiisfeiTOd to the face of the block, 
and is tlioii carefully cut out by the Idock -cutter. 
This cutting re(|uiTes gi‘(iMt (!nre and skill for its 
execution; and v’bi‘i(‘ veiy fine' liiu's occiur in the 
design, the upiau- l)h)ck is copper insic'ad of wood. 
Some dc.'igrjs only one ])loek ; others require 

ni<M'e-- snijn'times as many as thirty oi* forty — each 
block cori'espondiiig to a certain jjortion of tim design 
or |»att('rn, cacli jU'iijtiiig a siqiarati^ coloiii'. 

TIk' block ]»riiit('i‘ re<|uires to be veiy canjful, in 
l)loekiiig Nvilli ji number of blocks, tJiat (‘acli block 
is actMu-atoIy joim‘d with or titled into th(^ other, so as 
to form tb<i whole eontiimous design, Tliis, in the 
jiiia’o/!-* n,i process of i»rinting in colour with tJie 
ordinary planting or the lilliogi'apliie naudiiiu*, is 
ti ' lii.iea.lly called “ j'Cgi'tcj'ing.” 

'I'lie colour is put on ib(^ Idock by dipju'ng it on a 
sleV(‘ Jiiadt‘ of stout oihhitb, floated on gum of suili- 
citMit tbi(‘kuess contained in a box slightly larger than 
the sii‘\e ; the colour being e\ ciily “ tiaired^' <»r sjircad 
on the sicvi^ by a boy by means <»f a small Hat brusli. 
(.beat' iiup(»rtanet‘ is attached to tearing and alsti to 
dip|»ing the blo(‘k in tiu* <‘o]our. tJiat it be laid per- 
fe(’tly flat upon the >ie\ o, ami not on one <'nd ov sidu* 
iiioie lliaii an(>tlier. After di])pjng, the block is laid 
on llic cloth ami gently prcsst'd wit li the band sulli- 
idcntly bard to get a good clear impression: and so 
block afl(‘r block is laid on tin* clotli until tlu* i»attern 
is eonqdctc. Then' is anotlicr kind of blocking calk'd 
‘‘grounding/’ <a' “ tobying,’’ wliieb is (‘nipK>yed in 
combination with luaeliiiu' printiTig. In this east' 
the bbn'ks art* t'mploycd only to till in any colour 
which would not staml the jaocesses wliicli it woiihl 
re(juire to undergo if it wi'it* printed by the cylinder 
luacbine; also ‘‘ tobyitig” is used in cases where tlu* 
colours blo(‘ked in would injure the otlier eidour^ if 
done by tlie printing maebine, and so have ti' be done 
separately. 

On the Continent, wliei-e labour is much cheaper 
than ir* (Ireat ^liritain, bleek-printing is carried on 
iniicb Jiiore e.\t<*nsively tlian liere. Continental calico 
}»riiiti'i's pnxlucc inuoli iiiort* elaborate prints than 
we do, owing to the adoption of a eembination of 
nau'bine and block printing. 

}ly bbuhing a greater number of colours and shades 
may be obtained titan is J ()^^ible by iiau'liine printing, 


and doubtless in some instances finer shades may be 
obtained by the former process than by the latter. 

The Methods of PrlntiAg or Laying Down the Colonri on tho 
Snrthoe of the Oolioo— (2nd) Oylinder or Maohlne Printing. 

This method of laying down a pattern upon calico 
in one or more colours lias a vastly wider application 
than that we have just boon desca-ibing. And it as far 
surpasses that latter method, in nearly every parti- 
cular, as the modern pi-inting-press surpasses the 
ancient method of hand printing l)y means of separate 
wooden Idockw. The modern printing-mnebine is a 
highly oompliojited invention, which w‘orks with a 
degrees of pi'ecision surpassed by very few other 
ijiiiebim's of equal c()mj)l(‘xiLy, 

TJic main pririci|)Ies of the priiiting-ma(‘l>iiie may 
Ik* readily understood by an evamiiiation of fig, 8. 

Jn this figure (f> is the cylindrical planting surfatte or 
bowl, 4 is th(^ coj)])er t!ngra\-etl rollt'r, is the (loloui*- 
box, eonbiiiiiiig the rurnisliei- lullor c, half immersed 

V 



Fi7. S. 

in the colour, e is the colour dofl or, weighted by^’ 
Tlie cloth to be jn'inled (‘iiti'rs this maebine at, and ovi'i* 
the wooden roller at top left bund, in the direction of 
the arrow, whore it passes along w ith tlie back grey ; 
it j)asscs round the cylinder in the dii*e(^t,ion of the 
arrows until, pas-sing bt'tween tlu‘ roller 0 ami the bowl 
a, it receives tlie impression, and passt's along with 
the grey out at the arrow at right liand at to]>. 
thence passing by itself to the drying apparatus. 
The copper roller rt'vt)l\ i‘s in the <lirection sliown by the 
ari*ows, and by the great pressure with which it beaj's 
upon the bowl (t, resolves the latter, t'anwing with it 
the cloth, 'file fiirnislu'r-roller (w)iich fnrnislu‘s the 
<'ngrave<l roller with colour) is also driviui from tbt* 
axis or muTulril of the eiigrnved roller. As the copj)er 
ndlor h receives its charge of colour from c, the (xiloiir 
from the imengi*aved parts of the roller is removed, or 
scraped olV, by the doctor e befor«' rwudiing the doth. 
Hence, xvljen passcnl the doctor, its enyran^d pai‘ts or 
design, or portion (,f design, Ixjing filled with thickened 
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colour, the fimooth or unengraved parts being per- 
fectly clean ; on coming in contact with the cloth, and 
being heavily I'olled theref)ii, the coloured design upon 
its face, it liolds, sunk slightly below its surface, an 
even layer of thickened colour of the requisite tint 
or shade, transferre<l to the cloth partly by being 
forced or pressed, and partly by being stwhed int<.), the 
fibres by capillary attraction. 

The Cylinder Printing Kaohlne- Beioription of the ICain 
Parti. 

1. The. printing mrfacey cylinder ^ or “ hoioly' as it is 
variously termed, is a large onst-ii-on cylinder in the 
centre of the maoliine, supported on each side by 
centres or beiirings on the side fi-aiiie. These revolve 
in a movable l»uss step in the ends of the nuicliino or 
framework, (ioniiectecl with powerful screws, work- 
able by hand, enabling tlie cylinde]' to be raised or 
lowered as required, in order to pt.‘nnit of removing 
the copper rollers more con\<‘iutnitly, and also to 
counteract the pressure of the rollers upon it. This 
is driven or dragged round by tlie ct»ppor printing 
rollers revolving and pressing against it. It is 
wrapped with finely- woven tbujk cloth, called ** lap- 
ping/’ in order to gt^t a hard, though slightly clastic 
surface, 

2. The Framemn'k consists of two similar castings, 
winch vary in si/e and shape according to th(i size of 
machine and miinber of colours. Tlie two sides are 
from three to four feet distant from ea(jh otliei^, accord- 
ing to the breadth of (doth rcHpiirod to print. The 
two sides, or ends, are connected together by cross- 
bars and bolts. The frannjwork is (»onstruclod to 
support in perfect steadinc^s^s tin; heavy (jontral cylinder 
and all the printing parts of the machine. It is 
firmly soenred to a massive foundation of stonework. 
Arms project from it, bearing a mandril, colour-box, 
etc., for each colour the machiiuj prints. 

3. The (JfiHon Wheel . — This is a large t(H)tlHul wheel, 
made to revolve l)y the motive power in the sfime 
(leiitre as the pressure cylinder, but mUMe the frame- 
work. From this wlieei is driven the “ box-wheels,” 
which are fitttsd on to the mandrils," and so makes 
the copper roller revolve, the jn-essure of wliich against 
the printing cylinder makes the latter revolve. 

4 and 6 The Engraved Roller and AfandriL — The 
mandril, or axle of the engraved roller a b c r/, fig. 11, may 
be made eitlier of steel or wrought iron, the latter being 
that in general use. It consists of a roun<l rod, with 
a slot about four indies in diameter, into which fits the 
**tab” of the copper roller, or projecting piette, about 
i indi broad and | in. liigb, which tliu.s holds it tight 
and pi'ovcnts any slijiping when in woi k. The mandril 
also is turned with necks to fit in the brass steps in the 
frame at eacdi side. The steps are constructed with 
two screws, so that by the use of one the mandril and 


roller may be pushed across, or from one side, to the 
other of the machine, as required. And by the other 
screw, which is a strong one, and which moves the 
colour-box, mandril, roller and doctors, the pressure 
of the roller on the printing cylinder may be decreased 
or increased as required. The inandril revolves in 
sliding pieces, carried in arms of the frame. The 
sliding pieces move by means of pow^erfiil screws, 
by which any desired degree of pvossiire of engraved 
roller upon the (tentral cylinder can be obtained. 
This arrangement for adjusting the pressure of print- 
ing copper roller upon the cloth is of great importance, 
and one of the most important duties of the print(T 
is the proper and accurate adjustment of thi*^ pn*ssur(‘. 
Also, it may bo ob'ierved, it is im])ortniit to regulate 
tbo pn*ssnre of I'olle)’ upon cylindoi’ a-t i‘:ich end of 
roller 0(|nally — otlnu‘wi>e the upon one side 

or t*dgo of cloth will difl'er from that on the other, or 
will be um‘ven. There is another arrangement for 
adjustment of roller, whicli is of the utmost import- 
anct*. but wln(*h w(^ Lave not yi^t numtioned. Tliis 
is the scM’OW confimid in a sin*!! in the tootlied wlici'l, 
by which the mandril is drivtai ofl' the crown wlieei, 
by turning whi(‘li tin*, roller is sliglilly lurm^d on itn 
(udit^ so as to eimblo tlu' print ei* to fit bis colours 
projierly, 'Pliis is furlber rtdVri'oil tn in tb(‘ paragriqili 
uptm ** pitching the rollers.” 

The engi'avod roller, (;^’(/ // (fig. !f), is revolved by 
the mandril or axle. The roller is a massive c q»pei» 
wide tube or cylinder, op(‘n at both ends, the walls 
b(*hig on an average about J in. thick. On tlio inner 
wall, or interioi- of tube, runs a projecting ridgts or 
as it is generally called “ U]>,” from end to <‘iid, wliicli 
fits into the slot in the mandril, as l)eforo menliomsl. 
For the tUigiuviug of tliis rollei' tlio r(*mler is refViTiMl 
to th(} cliapter d(JVoted to that siibjtM^j , 

Gaud 7. The (Johmr-Hoxand Fnrnidmr, Thocoloni- 
l)ox is n W(K)(l(fn or copptjr rec(*pta<!le' to contain tlm 
colour-mixture used in printing. It is fitted und<a*- 
neath, and is rather larger than, the (‘.oppei* roller. In 
this box is a wixalen rollei', which revolves ujxm bi'ass 
bearings on its sides or ends. This roller, or 'M’ur- 
nishcjr,” is driven off tbo mandril l)y a small bi'ass 
cog-wheel, which works into a (rornisponding wliciel on 
the end of the axle of the furnisher. ’I’iie furnislier 
revolves, half immei's<.»(l in tins (lolour-mixture and 
half above it, in tlie same dii'e<^tioM as that of tlie 
(^opper roller, against the copper rollei*, tluis conveying 
the colour to roller by (Knitinuiilly lifting it and slightly 
pressing it against tJie (jofiptjr roller. Tbo revolution 
of the furnisher is generally slightly quicker than that 
of tlie roll(jr, its tooth-wheel being rather smaller than 
the cog-wlietsl of the mandril. Thus ri kind of slight 
scraping, or rubbing the colour against surface of 
engraved roller, takes placte. 
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THE MACHINE MAKER 

TEE MACHIEE HAKES OB OEKEBAL 
HACHnrJST. 

f;pErjiAL Examples op his Work— Its Lkadixo lEon- 
MOAL riilNOIPLKS AND DETAILS. 

GlIAPTJiH HI. 

Wj: crujchidtid tlio lust chupter by sLnting that a 
lueoliJiniti uioko a good madiiiiG, and yet bo 

nniiblo Lo oxpliiin tbo natural laws on which its 
0]>orations woro bayod ; or tluvt he iniglit be ignorant 
of the fact tliat tlioy in truth dopouded upon natural 
laws. Ihit furtlau’, and this is niadily oriougli admitted, 
the practbrjil Timidiiinic of tlio higher grades of tho 
j)n)fossion does in Ids work daily take advantage of 
(certain riih'S and modes of ciihinlnlJoii based upon 
forinulie wldcli are die; to iho labours of sidontilic 
im?n 01’ of theorists. And this in order tliat lio may 
have all tho advantages of a sysl.<‘iii wliieh gives him 
the maximum of (dlieieiitw with tho minimum oxpen- 
diiiM'O ol' iiiateriaJ. Slill more, it is admitted -yu-otty 
widely known, ind<H‘d, even hy thos(^ outside the 
meehaiiical world, ov rather not eoniu'eted in a busi- 
ness way widi machine-making and engineering work 

that th(^ macdiinist, tJu^ maiiufaeturer, and tlio 
teclinieal industrin] woi koi*, arc now using inaebinos 
of the im>st ^'aluablc pra(‘iieal ebaraeter, whicdi have 
owed their oxistuiico, so to put it, to, or beoji d(Hluccd 
from, purely Iheoretic'fil investigations and calculations. 

The Practical Machinist in his Work preceded that of the 
Theorist in Applying Science to the Details of Machine 
Making. 

Jt, is from all this, and in sonu‘ directions more 
than this, that {it b'iust tlu' pojiular notion has arisen 
to whit'll we have {ibovo alliKhal, — that tbo work of 
modern maeliiiiists, in all the wide varieties of its 
yu’aeliee, has owed its exist enee lo the tJicories of the 
siiientiiie man. Jtut the young technical reader and 
inacluiiist will perbajis In? surjaisod to learn that the 
o)ipt>sile, ov abnosl the very opposite, of this is 
tlie Irm* condiliou of matters; and that this may 1 x 5 
said to bi' ja'actically the correct slaienumt of the ciise 
— namely, that modern niachiiiery is based upon the 
woi'k of the early machinists in their rude workshops, 
which was done ])ationtly step by step, and that in 
the slowest ami most ]»ainful of ways, not only with- 
out any lielp from theorists or scioiitilic men of the 
p<wiod or of periods before, but mainly in utter igno- 
rance of tlu' faet t hat scientilic men had even llumght 
their work worthy to bo made the subject of tlieoretical 
disipiisitiou. Hook after book - and some of them 
in their mort‘ bulk were portentous and solemn- 
looking allairs — was [uiblisliod, treating on tho 
laws of nu'clianics, and illustrating what were cidled 
“ engines,” possessed of wondrous ineclianieal — so- 
railed “ powers,” and yet of tho very existence of 
such 1 ooks, the givat majority of the working 


OB GENERAL MACHINIST. 

mechanics of the period were ignorant, Nor i.s it 
anything l)iit the mere formal statement of the 
truth, that fi'om this ignorance they suffered no prac- 
tical loss, and this for tho host of all reasons — that, 
taking them all round, such books contained nothing 
or next to nothing of any ]>raotical workshop value to 
tho working mechanic. If, however, they gave more 
than this, and what might have been, and in reality 
was, the germ of a useful machine, it was so wrapped 
up, so to say, in terms, and obscured by verbiage, 
that it was useless to the i)ractical working mechanic 
and machinist. Even after the time when our early 
machinists bad brought out mechanism which did 
the actual daily work in some branches of industry, 
tlio authors of such works {is we have above alluded 
to thought it beneath tlioir dignity to notice such 
macliinos. The doing work of pmcticiil utility seemed 
to he tlio very last thing which those tJiooi-ists thought 
about. But of what may be called the “ I'Dinanco of 
mechanism” tlioir works abound in illustrations: 
diagrams of so-called mechanical combinations, intii- 
eato {IS fanciful; most abstruse and fearfully spun -out 
CJilculations tind siawiilations to prove, for example, 
that enormous weights could be lifted by hairs, or 
straws {IS weak as hairs, but not a drawing indicating 
an {irrangement, not even one siiowing a single part, 
of a mctdianical oonstriictioii which could be made to 
do work of any kind, There was no end to t he disqui- 
sitions on, to use a tautologii^al phrase, the wonderful 
powers of the “ lueclianical ])owers,” but scarcidy {i 
line (*oubl the practical mechanic find to liol]) him in 
his duty of making t hose powers do his work. For 
a long time, it imiy almost Ix' said fpr many genera- 
tions, this was t he (•liara(?ter or naliu'c of \N lmt might 
1)0 called tho scientibc treatment of mcclmnics; and, 
singular as it may ap])Oar to tiie young reader, 
nu'chaiiics became truly a science, and was so ex- 
pounded by moil of science, only after the men of 
j>ractic(N tho actual working mechanics, with long 
years of patient labour, and by tlie expenditure of 
much true mechanical ingenuity, had brouglit out 
mauhines, and sot them actually to do a wide ningc 
of work, tJmt scientific men deemed it no(:essiiry to 
take uj) the subject of mi‘clianics and meclianism, and 
treat it in such a way as to be really a practical help 
to the future and further progre.ss of the practical 
mcclianic. But as to how much tho man of science 
was indi'bleil to the man of practice, many do not 
know, and as it is important to know, we shall now 
trace, os fully as space will admit, the history of 
])rogross in this direction. 

Soma Fointi oonneoted with the Applioationi of Theory to the 
Praotioo of Machine Making. 

As we have above stated, the theorist at one time, 
and that at a period not so very remote from our own 
times, had almost complete possession of the field, and 
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ussufcdly lie indulged to the ‘*top of his bent” in 
cultivating it in hi« own peculiar fashion ; and that it 
was a fashion leading in no direct practicsal way to 
the progi'esft of inechaniism^or luocliinery, to use the 
modern torni—may be learned any day by those who 
choose to wade through the somewhat shallow sti*eams 
which spn!ad out widely eiiougli over tlie field of the 
na'chanical literature of the period referred to* For 
long, iiidetid, the trade or calling of the machinist did 
not exist in anything like the sense we now attribute 
to the torni. The very fact, to which we have 
alludeil, that the appliances by wliich alone machincrt 
could he made did not exist, vemh'red any comphite 
** trade ” a practical impossibility* Tlie work of the 
‘^nechanic” was of tlio simplest and rmlcst character. 
Tlie very name, indexed, was used by all classes 
making uj) the higluT ranks of society — the ihuorisls 
or wi‘it(‘rs themselves iradiuled- -in a way which indi- 
cated tlic est(‘cm, or ratlicr tlie lack of it, in wdiich 
he and Jiis work were hoM ; the viuy term ‘‘base 
meehaiiic work" Ix^coming stereotyped in our language, 
and used, moicoN er, by men professing to b(* scientilic, 
who ought to have liad sonic better and briglitcr 
eoneepiion of the true digniiy of tlie calling, and bow 
])otent an intluence its work possessed in ))Vomoling 
Idle welfare and ministering to the material necessities 
of the nation. TJut it was Jong liefore the machinist 
took the place ho now occufiies, and did tluj work ht« 
now does daily, in this high and useful dire(jlio)i. 
And yet, if tlujoiy had been of any great practuial 
service, the mechanic of tlu; early tiim*s wo allude; to 
bad no end of its prelections at his service, if he had 
known of or cared to avail himself of them. Portly 
tomes, as we have liiiittMl at, were publislied from time 
10 time, tilled to the full with most pictur(‘s<pie and 
apparently attractive drawings or designs of wondei*- 
working machines, and with intricate diagrams aiid 
no less intricate expo-itions of movements or *■ meclia- 
nic.il combinations" — if at that time this pliDise could 
be applicable— wl)i<;li projiosod to do most wondiTful 
“ feats of for<ie." 

Assuredly, if the mecliaiiic, not th(;ii or as yot 
raised to the dignity and tlie pnuilical value of the 
calling of the nuicMnlat,^ had been led to tlie perusal 
of such works, he wouhl liavt? found enough in them 
to gratify his aml»ition as to wliat he might oi* (;ou]d 
do if only he could work out tlie womlerl'ul combina- 
tions which thes(; \NOi'ks so lavislily and so gcjnerously 
otiered to his notice. But sianeliow tJiose did or wuu]<l 
ma serve any practical purpose. Jt mattered little for 
1 lie mechanic to be told that by certain “ mcchanjcal 
contrivan(?es " duly sot foith }»y a compliwitam of 
lines more or less elaliorate, but always iai?iy.ling, and 
explained or expounded by a haig array of malhe- 


matioal statements and figures oven more elaborate 
and vastly more puzzling, he could do most wonderful 
work — such as to realise the boost of Archimedes that 
if ho could have but a fulcrum and a lever long 
enough, ht with liis tiny power could move the globe. 
Nor were marvels of a lessor kind awaiting, but still 
marvels all tending to show the wonderful capacities 
of so-calh,‘d moolianical agents which seemed to have 
some inherent power in themselves. Thus one writer 
on mechanics, who, like all other 'writers before hiin, 
ami like some in our own times, or pretty neai’ 
them, ought to have known botXor, revel leil in the 
region of the wonderful of meclianism, and its 
almost infinite })owors, pointing out iliat by these 
“ mechanical contrivances ” it wore “ easii; to liavc 
made one of Samson’s hairs that was sliavcd oil’ to 
have been of more stnuigth than .all of tliein wlien 
they were on.” Assuredly it was “euhie" to write 
about such wonders ; but it nevm* seenuMl to occur to 
any one of those who so rcsadily ollered such pre* 
IcctioiiK tluit they were utterly vain as reganU'd any 
practical utility in the every-day work of life, and 
that from all their complieated diagrams and no less 
eoiiiplicaied explanations, the pj'aetieal miKOiinist — so 
far as he in tliose tiarly times existed— -would gain 
not lung whicli eonlil bo of ]iossil)lt» scu-viei* to him. 
Om; imjiortiint truili sueh wrilm-s uttej’ly ignoi-ed— 
not that many of tluaii wen;, if iiuh^cd any one of 
tlieiu could be, ignorant of it- and that was tlie 
elmnont of “time." Some of tliem, inil<‘(‘d, saw tlie 
value of this; they could enforce the doidrine, in 
truth, which evo'y schoolboy in im^elmiiitjs knows, or 
at least can rejioat by rote n,s if lie did know—* that 
what is gained in iiowcr is lost in time. But so pnridy 
from a theoretical point of viiav wa,s eviaytliing in tlie 
times we wi'ito of considered, tliat it never entered 
into thtMi* sptMJulations that it must of necessity afleei 
in the closest manner tlie a<;tnal work of tlie 
inachiTiist who had 'mrk to do, and in wldch was 
an alb(;ssential point, Oni; can s(;ai‘cely now, with 
tlui light of onr oxjierience, compi'olieud how writer 
after writer could liavc a llioroiigfi understanding of 
tlie vital truth which such a statement as (liis from 
the ])en of one of them contained; “The iiiiniense 
f<a\e of the mechanical powers would he inlinitc and 
altogether stujiendous if it were not liiat the greatra- 
the force is, the, more slow tlieii* operations are," 
—and yot so thomughly and prnetieally fail to 
pei*ccive that all their marvels of “ mechani(;al (jon- 
trivancca," the miglity w<a k dom; hy imaginary levers, 
and the wondrous stirngth of sui>posjLitious hairs, 
were of no avail to the ma<;hini,st of tJio dny^ with 
w'hom time 'was an clement wJiich he could not, if lie 
would, ignore. 
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77/ A’ fiTONE MAEO!^ AS A TECJIXIVAL WORKEll. 


THE STONE MASON ASA TECHNICAL WORSES. 

Tin: I'ltiKCiPLES ASi) riiACTich: ni\ asd thk 
Matp^uials iii: EMPLOYE IS, liia Wouk. 

CHAFThm TIL 

Principle end IJluttretioa of ''Bond betwoon, or 
** Bonding** on Stone Welling. 

Js tlipJi, to the full binding powor of /i 

moriiir or liiiw “ ooiiiont ” (sve this iortii in t he 
'* Cycln2);i!<Jic; Dic‘i.ioiiaiy of Technical uiid Trade 



Fiij. -JO. 

Torino”) tlio scioiico of masonry has ilevisioil a iiiothod 
by which* iu canyiiij? out the art of settinjy the 
slonos it uses, a met'haiiical arrangement is j^iven 
which hinds the imlividual stones to^^etlua*, fornhni^ 
a colicrent and largely solid mass. This arrange* 
nient is technically termed “ bond,” and stones set 
in a wall oi* structure properly are said to he *‘well 
and tnily lM)nded.” What the principle of this “ bond ” 
is we shall emleavour to illustrate and explain. 

lA>t us su}>pose that two sttuies lying on a flat 
surface, as the ground (as a and tig. 20), are placed 


togothei*, so tha-t the joint formed by the juxtapowi- 
tion and contnvt of tJie two is formed at a k 1 
they be simply placed in cont#i(ff, should any force act 
in the direction of the aiTOw c, so as to tend to 
cause the stone o to slide away from the stone (f, 
the two would clearly he scpainted, and the joint 
a h would open up or widen, iind contact l)etween 
the two would, if the movement went far enough, be 
obviously dosti'oyed. The tendency to sef)arate tlio 
tveo stones would he all the greater if another force 
acting in the direction opposite to c operated in the 
line indicated hy tlu^ arrow* d. The same i-esult of 
seiMinition of the tw() stones w'ould tahe place if the 
one stone, as « « in the lowest diagram, rested upon 
soft or tT‘e iehen>us gi‘ound or soil ; it might sink dowji 
towMirds the side /, and in the dii’ot'tion of tlie arrow 



Fijr. yi. 

at that iK)int. Tlio rt‘siilt, hO far as the integrity of 
the joint " g g is conwrned, is shown in the illustra- 
tion. Ab Iwtween the two stones originally jdaced at 
c d, joining at a b, the ket*piiig of the two in contact 
iniglit be in some degree ensured by placing two 
stones above them, as shown at Jt i in centiiil diiigram 
in fig. 20, Ihit this would only be by incri'iising 
the cementing surfaces if mortar, or the frictional 
surfaces if placed without mortiir or cement. Any 
pressure aeting either as at r. d oi- m, in the two 
first sketches of tlie figure, would ^till have the ten- 
dency to separate the joint between thian ; for the 
joint vepn\sented by the line j k in ct'iiti'ul diagram 
runs ill line with that, h /, of the tw-o low*ev stones. 

Analysii of tbo Principle of Bonding of Stone*. 

The pupil w*ill have a simple exercise, yet one which 
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will serve to give him some useful hints, if he works 
out mentally the diflerent i-esults of pressures exeiijet.! 
upon the stone in the illustration in fig. 20 : those 
I>ressures being exerted by tlio arrows as c, <:/,/, ami 
additional pressures acting in the <Ureotions as at m 
aiul n. Tf he does so, ho wdll not bo long probably 
in per{!civing that the eonditioii of the joint a h wcaild 
bo materially altered if, in place of superimposing 
upon it two stones, as at h h and i I, one stone, as 
a h, fig. 21, wore placed as tliere shown. Lot the 
pupil study the i>osition wo have now aiTive<l at. He 
will see that the solid part a of the stone a b lying on 
the upper surface or i)art of tljo surfaces of tdio two 
stones under, is (!entiully over the joint a rof tliose two 
stones. Let him suppose that by a bed or stratum of 


under the pressure. But this resistance would be just 
so much the more in favour of thi^ tw’o stones y (/, h h, 
being sepiratod by the rupture of the joint at o c 
— that is, the joint would be all the sti*onger by the 
mortar between the edges of the tw^o blocks. 

Take again the cast* of the two blocks,/, jointe<l 
at /, and t he joint jNirtly tHWored, not wliolly so, as in the 
case of the block a b in the other skettdi in tins figure. 
Suppose a pressurt* to bt* exerted on tlie briek L in tlie 
diretjiioii of tlie ai'r(»w n, and at tlie eornei* nearest it, 
and tliat tin* st)il under k w’as soft and yielding. Here 
the result, as shown at // </ in fig. 20, woiihl not be 
so likely to liappen, for not only, as there, is the 
cementing resistance of the mortar of the joint, the 
only force to resist rupt ure ; but in tig, 21, in addition 



mortar the “ bottom bed of a b is (!onTieetod closely 
and firmly to part of tlie upjier lieds of the two stone-s 
y //, h //. Suppose now that a pressure acting in the 
direction of the ari‘ow ? lias a tendemy to move the 
stone y y towards the right hand, while the stone h 
rem}lill^ firmly fixed in or on tlie soil, and has no pres-: 
sure corresponding to that lit / acting ujioti it. To 
resist this pressure there is now^ not merely the 
strength of the mortar oi- cement, as in thf? case be- 
foi'C consi<lered in connection with fig. 20, hut there 
is also, ill addition to this, the resistance of the cement 
or mortar to be oventome, w’hi<!h is spread over the 
half of the hod of the block a h re.sting on the lilock h. 
In this t'a.se we do not here take into account such 
rej^istJinoe ns w’ould he offered by the mortar joint on 
Uie half of a b re«sting upon the bkxjk y which is 
VOL, I. 


to this at the joint is lli(< resisting power of the 
mortar joint under tin* bed of the wliole of f.fic undr'r 
.sid(‘ of the l»Io(?k m m. Ho that Ix^foit* (lu; hkick k 
would yield to the pressure put upon it, as at arrow w, 
and would l,»o forced into the yielding .soil, tlu* liloek /, 
wliicli w'e supiiose to he on firm ground, would )>e 
raised like a lever, the fulcrum of wlilch would he 
the corner TU'arest v of tin* block L Ami this n‘sist- 
an<!e of tlie block ./ to tlui prr'ssurc exercised at n 
W'ouhl only cease when tlie cementing power of the 
hod of the lil(K‘k /a was overcome by the rujitun* of 
the joint of its bed. In those two cases repit^s^nil^ul 
in fig. 21, we have two re.dsting powers to any pres- 
sure tending to rupture flu* joint, as a c, or L -‘tiy 
two Idocks eoTiiented togotlier by mortar : first, the 
elemented joint, a a or /, itself ; and second, tliat afibrded 

16 
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by the bed joint of blrwks a h and n resting on and 
cemented to tiie top bods, or part of them, of the two 
blocks h <j and j k 

"Brsakiug Joint’* an Eiiontial Faatnre of Bond. 

It is obvious tliat by thoughtful arrangemont of 
the blocjks of stone the joints of any course in the 
construction of a wall may be so arranged that they 
may be (lovered by the solid parts of the blocks of the 
courses n,bovo and below them, Thus the joint a of 
th<i two blocks h aiul o, fig. 22, is covered by the solid 
partes of the blocks d d and c. Tills is Uxihnically 
called breaking joint,” and the principle is ado[)t(Hl 
in mor<^ than one bra,nch of th<^ constructive arts, 
mechanical as well as buiMing. Tiieso arrangements 
of blocks to secui'e tliis souinl principle in cf»nstrii<?- 
tion technically constitute “ bond,” or in oilier words 
that by wliicdi the individual blocks are bound or 
tied togctlicr. If the blo(*ks wore all of the sanio 
length, njnl jilacisl invariably in the same j-elation to 
othci* as the blocks g tj^ either ]>arallcl in 
the sense of tlieir Icnglli to the line h i of face of 
wall, or at right angles to it, as j j to tlie line k I, 
wliilii “hreaking joint” could still l>c carried out hy 
proper arraiigeiiKMit of the blocks as shown at w ami 
below / and //, this mode of disposition or “place- 
mciit-,” to use the ttudiuioal expression, would not 
give tlie greatest or strongest, form of “bond.” In 
practice, if the blocks are of the same dimensions 
-as in tln^ <^as(^ of bricks (see tlu.^ soT'ies of i)aper.i» 
on “Tlic |lri(?klayer, his Material and Technical 
Work ”)“ -they are disposed so that part are placed 
in the wall parallid to the line of its face, as at/, and 
part at right angli‘s to it, as at//, tig, 22; st> that, 
althongh of similai* length considered in relation to 
the br<Midth or tliickness of tin* wall, they may he 
looked uj>ou, to use a familiar phrase, as being “ longs 
and slioi't'S.” 

Long!” and “BhortB,” "Boaderi” or **StretoliorB” in 
Bonding of Stonei. 

Thus the block tl d in fig. 22 is a “long,” con- 
sidered in relation to tho breadtli or thickness of the 
wall ; and tlm block o o a “ short,” as it only reaches 
iwjross a part of tlu' thickiu'ss or breadtli of the wall. 
When blocks are tlms placiH.1, as at o o, / /, or y </, 
fig. 22, to run along the length of tlie wall, they arc 
te<‘hiiically called “ stretchers.” If they are ]ilace<l so 
as to run across the thicknO’is or breadth of tlie wall, 
or at right angles to its line of length, as at (/ or 
7 '/ tliey are toniu*J “ headers.” A wall, tbeivfore, is 
built ii]> witli a series of “ headei-s” and “ stretehei’s,” 
so disposed in relation to eacli other that they “brwik 
joint ” in the way already explained and illustmted, 
Tho way in which they are thus disiM>siHl varies 
iwxording to circumstances, and constitutes what is 
a particular bond, which goes by its sjxvial name— 
as, for example, in brickwork (see **Tho Bricklayer”) 


the kinds of bond tormod “ Flemish and “ Old 
Englisli.” In stonework the lilocks are not always 
of the sanie length, hut the length of the shortest is, 
or should always be, greater than the breadth of the 
longest — as the block in the centre of tlie lowest 
diagram to the left of fig. 22, l>eing larger than the 
broiidth of the blocks on each side of it, projects 
beyond those, as shown. Tliis projection is obviously 
necessary to secure “ bond ” with other blocks ; and 
this would not be obtain isl if the short blocks were 
equal in length to the breadtli of the long blocks, as 
the hlof;k 8 to the blocks on each side of it in ceniro 
of lowest diagrams in fig. 22. The case would be 
worse if tlie sliort blocks were less in length, as at 
?/, than the breadth of tho long block v v* But when 
tlie stone blocks are of uTuiipial length, they are still 
disposed in a wall or structure on the same principle 
of “ longs and sliorts ” alternately. 

System of Interlocking of Stones of Different Lengths secured 
by “ Bond” - ‘ Throughs “ or “ Through Stones.” 

The complete w’ay in wliich the individual blocks 
composing or making up the solidity of a wall aro 



interlocked, so to say, witli <*ncdi other, or bound or 
“ bonded ” togetlier, is partially illustrated in fig. 22, 
in the sketidios at top of diagram. That to the left 
may bo taken as i>art of a solid wall of blocks, either 
“a.slilar” or rough liaiiinior-di‘essed coursed rubble 
work. Tlie block d d^ although a “ header,” is termed 
specially in tho technical language of ma.sonry a 
“ through,” iimsmiich as it goes completely through 
the tliickness or breadth of the wall j its two ends 
showing at each side of it, interior and exterior. The 
blocks o<? and be are “stretchers.” The top sketch 
in tig. 22, to llu' right, may bo taken as an illustration 
of a composite wall, or made up of solid hlockw, or 
of “ ashlar ” or of “ coursed rubble ” work ; those 
bUx'ks being placed or disposed so as to form the 
outsiiie faces of tho wall, inner and outer, while the 
ci'iitral part of it is filled up with small stones or 
“rough or random rubble” work, But the blocks, 
althongh of equal length, ai*e disposed os “longs or 
shorts,” or as “ headers ” and “ stretchers,” a*s in the 
lower diagram to the left. In fig, 23 a a is a “through.” 
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TEE TOirirO AECHIIECT OB EKOINEEB. 

His Studies— Opfioe Duties— and rttAoxiQAL Work in 
THE Prkpaiiatjon ok WoftKiNO DuAwiNas, OP Speoifi- 
CAT 10 N 8 , AND CONTRACTS FOR WOUK. 

OHAITEK IV. 

Tbe Finished Boof FUn of tho Building 

is tho last of tlio sorios of tho drawings of which tho 
block plan is tho first, Tt represents the aiipoaraiice 
(if the roof when conipleto, with its covering of tiles, 
slates, load, or whatever other materials may be used ; 
also all gutters, diips, cjesspools, wkyliglits, cliiiiineys, 
hips and valley tiasliings, ridgo and liip tiles. When 
the roof is ]>*»rfectly syniiuetricn], one half may bo 
drawn as a finished j‘oof plan, and the other half as 
the plan of the roof timbers. Tho oaves or trough 
gutters for e.arrying oil' tlio rainfall form an impor- 
tant jioriion of the plan ; the iiicHnatmn mast h(j 
indicated by ai'rows, and the position of 11 le down- 
^pcnits shown. Tla.t gutters of im]»ortani buildings 
are geTHirally covered witli snow-boards,” formed of 
limber, to pre\oiit thoin from being Idockod with 
snow, which freijiiently niiglit otherwise lie blown in 
from tlu‘ moi‘e exposed portions of tlu* roof. 

Slates and til<*s <d' dillei'ent colours ar(‘ occasionally 
arrang(‘d in j)att(’iTjs on tla? root's of schools, cliurcla^s, 
and domestic! buildings, to brt'ak th(‘ monotony of u 
large (expanse of I'oof ; tbe design slamld be drawn on 
the tinished roof plan, and tlm difleri'nt colours indi 
ci\Um1 liy lints. A lujcessary f(!alui'e of every roof 
-inore ospc'cisilly of delac]i(*d linildings — hut one 
whicdi is froijncaitly omitted, is the lightning conduc- 
tor, and tlie copjiei* wires connecting it with eveiy 
portion of the roof formcMl of metal, as lead flashings, 
lead .and iron gutters, linials, etc, For a hiiilding of 
modc‘rate size, one conductor, tixed at the highest 
point, will suflice. Th(‘ wire> connecting it with cjvery 
niotnllic material on the roof must b*:i indicated by 
red or blue linens on the finished rcjcd' plan — which, 
in addition to wliat has been mentioned above, sljows 
the view, looking down, of the upper surfaco of the 
highest masonry and bi-iekwork, corniei‘s, pai-upcts, 
gables, finials, etc. It is usual to show them on the 
plan, prote<!ted by load, asplialte, or oilier suitalilo 
material ; ocxyisionally only the joints are protected. 
Flam of Oeilingf of Large Boomi, fltalroaeei and Corridori. 
Plans are cKmsionally included among the contract 
drawings of the ceilings of large rooms, staii’ctasci 
balls, and trorridoi-s ; wlien they are of an orniimental 
and elaborate design they slioiild be invariably drawn 
from centre lines, and are generally described as jdans 
looking up,” The contract dmwiugs were sub- 
divided above into plans, elevations, and sections, the 
general cliantcter and mode of preparntion of tlie jilans 
having been described ; a few words on the elevations 
and sections wall complete this portion of the subject. 


Tbe Elevatiom 

are tho drawings wdiicli illustrate tho di'sign and 
style of the exterior of a building, and indicate tho 
materials of which it is oonstructed. The number of 
elevations will necessarily depend on tlie peculiarities 
of tho site and of tho plans ; every portion of the 
exterior not abutting on another building wall rtxpiire 
a separate elevation, and when la i-ge courtyards are 
included in the plans, separate elevations, facing tJiein, 
must also be prepared. Those of smaller areas are 
generally included in the secti<ms. 

Before comimaicirig an elevation, the extreme 
length, the slo])o of the ground, the heights of the 
lloors and of the wdndow’-sills alxive tliem, must lie 
asceriaint'd and indicated on tlie drawdng, as well a» 
the centre lines of the doorways, projeetioiis, rt‘c(‘sses, 
bays, and all. other features wliich can heolitnim'd from 
tho plans; tho young arcliitect will then l>eal)h‘, ul'tor 
(hriding on tho style to he a(lopte(l, to commence hia 
design. 

Style of the ElovAtions. 

No instructions cjiii be given Tor tin's portion of tlio 
w’ork ; it reipiires a tboruugb knowledgi* of the stylo 
selected, and an ac(]ua.intance wil h buildings or wa’th 
reliable illustratious of buildings that have been 
already ere(’ted in tlw^ same style by a,ivhiter‘ts of 
undoubted e\{>erien<!e and Jibility. Timio knowledgo 
of stylo can only be obtained by tin* pr(‘j>a,ra.tion, on 
ilio part of till' sMidenl, of iiieaKin'ed drawings and 
sketebes. ('J’he possibilit v of a design btdng produced' 
in an entirely new style is so very ivmote that it need 
not be discussed ]i(*re.) 

Lastly, coiuMaitratioii of thought, and, aliove all, 
“ brains,” a.re necessary to produce a design wliich will 
look equally w-ell on pa|>or and in It need 

s<!arce]y bo remarked that proba.))ly tlio him jority of 
designs 2a*e[)are<l appear mo»*e sat isfuelory as ii drawing 
than they <lo aftiM- being ejiiTied out in briek and 
stone. Tiiis is owing to the lictitious efl'ect obtained 
by col<mring, shading, and otlier aiTitices .'idopted to 
conceal wtiakness of design ; it is only in the work of 
the most experienced ui'cliiteeLs t hat the appearanee of 
the, building is more pleasing than that of tlie drawing. 
The ImporUnoe of Selecting the Uaterial of which a Home ii 
to be Built, in Keeping with iti Style of Deiign. 

The judic,ious selection of the materials to he used 
is of the great(!st importance in the ju’odmttioii of a 
satisfactory (Ussign, as it iuhmI scarcely b(! pointrsd out 
how completely tliey will a/Ii'ct tlie jaoportion and 
outline of all ai’chitectural f<!a tores. 'J'he exterior of 
a building erected without, or with only a. very 
sparing use of stone, must Ik? treated in a very difler- 
ent manner from tliai of -a building in which stone is 
wholly or largtdy used. Wc need only direct the 
attention of the reader Ui any one of the many 
Vmildings erected in one of the (tlasski st\'l(js, examples 
of W’hich are to be found in evciy modtfrately large 
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town, and to examine for a moment the coJiiiims. 
entabJatiire and pediment, the windows and doors, 
with their miniature iiivhitraves and pediments; it will 
he at once evident that stone is the only materitil suited 
for the exterior of such buildings. The comparison of 
a chureh erected of wtoiie with one ei^eefod of brick will 
also forcibly tlio influence of material on design. 

Tt miiy b(* stjitod here that the use of cement or jdaster 
in imitation of Ktonowork, so fi'Otjuently scon on the 
Coiitiiiout, and Wicashamlly in this country, in build- 
ings cr(?ctod in the Italian and Classit'. styles, is not 
“arclntccture/' and would not be tolerated by any 
coiiscituii ions architect . The beginner is warned never 
to attempt to obtain architt^jtural eHec-t by the use of 
one inatm ial in iinilat ion of another. The genenil rule 
to be followtul ill the Hchsetion of suitable materials 
for the <‘\t<M'ior of a building is to use those found in 
the loiMlity in whi<th the building is to be erected. 
From tbe time of tbe Nonnaiis until the; introdnc^tion 
of gr(‘nb'r facilitii's of transport by means of canals and 
railways, this inh* has heiin clost‘Iy adhere<l to, except 
iij lh(‘ cdsi's of large and important buildings, as 
cathedrals, ehurches, and monasterios, for which the 
materials hwve beiMi fro(juontly obtained from a 
distance. The “Imlf tiinbered” houses of South l.^an- 
eashiviS (da'sliire, Shropshire, and other counties, the 
“halls”-- a nanic apjili(sd to even v<u'y small farm- 
houses —are only found in distri<^ts in which stone 
cannot he ipiavritMl or is unsiiiU'd for building 
]mrposes. 'Pht* ohl tnwiis of Manchester, Stockport, 
Chester, Shriuvshury, and many others, contained 
principally half-timlKavd housiis, many of wliicli liavo 
only been taken down to make way for buildings 
more suited to the wants of the age within the last 
century. On tla^ other hand, the lu)uses throughout 
the hilly portions of Lancashire and Yorkshire were 
ercet iul of stone. This change of material in buildings 
of tbe same age and erected for the same purpose 
can he wtdl seiui in tlu^ districts lying on the north 
and south side of Man(?h(^ster : in the former a half- 
tiinhtu'iHl building is the exception, and in the latter 
very few stom* buildings intended for tioiiiestic pur- 
poses were formerly erected. Buildings dating fnmi 
the two centuries preceding tlio introduction of rail- 
ways wei-c generally erected of briekwork in districts 
in whiidi stone was not readily obtainable, 

Tlu' drawings are gencnilly d(‘s<Tibcd as front, liaek, 
nnd side elevations ; they may be coin[>IeU‘d in differ- 
ent ways : if entirely faced with one description of 
stone, they may be simply inked in and left without 
colon!* ; hut if, as is generally thec!\sc, s(‘veral varieties 
of sti>ne Jirc used, or a combiuation of stone and 
bricks, they must be coloured, so that each njatcrial 
may be distinctly shown. It is usual to mjiko the 
tints correspond i\s nearly as possible with the mate- 
rials they ropi’oseut, Contract drawings should not 


be shaded, An attempt to obtain variety or oon- 
trast of colour by the use of various materials in 
imitation of buildings erected in the south of Europe 
should not be attempted by the architect. The 
climate and smoke of all our large towns soon de- 
stroy any architectural effect depending on colour, 
and tone the whole elevation down to a unifoim 
grey tint of soot and dust. When the materials 
forming the “ faoework " of an elevation are diflferont 
from those forming the body of the wall or building, 
they must be carefully “ tied in ” by “ headers,” 
When sto(!k bricks arc used for facework, all the 
bricks forming “ headers ” must be whole, 

Seotioni of Building! required 
are drawings of the greatest importance, Tliey show 
the interior and general construction of a building, 
the heights of the rooms, the vai-ious levels of the 
floors, an<l the staii*cases by wliioh tlioy aro i-eiu'hed. 

If is ahva)’s soiueivhat clillicult for the architecturjil 
student, or the general rea<ler wlio has not liad many 
opportunities of examining arcliitectural drawings, to 
thoroughly ninhu’stand a section. I f the reader stood in 
a street facing a building, and imagined the front wall 
removed, he would see a section, Tlic <mds of the 
internal ci'oss walls would be visible, the spacio between 
the ceilings of one story and tlie floor of the rooms 
above, the construcstion of tbe roof, and tlie geneitil 
interior of »ill the j'ooms abutting on tlie street. Or if 
he stood facing the w^ost end of a (!hurch,and imagined 
the gable wall removed, lie would see the wliole of 
the interior, including, in addition to the expcwisl ends 
of the walls, tlie floor and roof construction, tlie eleva- 
tion of the cbincel arch, the reredos, altar, east window, 
piil])it, reading-d(^sk, font, and seats. Tli<* number of 
set^tions rtMiuirod will vary, of course, W’ith the featuri^s 
and size of the building. If only two arcs rt«j[uirod, 
they are called longitudinal and transverse sections. 
The former is g(uierally taken through the building 
in the direction of its grcat(!.st length, by preference 
along the lino of the roof ridge, and the latter at 
]*ight angles to it. When three or more sections aro 
included in a set of drawings they are described as 
“ Section on Line a n,” “ Section on Line c d,” and wo 
on, the line on which the section is drawn being indi- 
cated on tlie plans by means of a strong ml line with 
the letters “ a ij,” “ c n,” at either end, so placual as 
to imliirate tin* direction in which an individual would 
face if he stood in the building when erected, in order 
to sec the view di'pkfteil on the section. The portions 
of a building which should always be showui on the 
sections are the interiors of important rooms, stair- 
cases, rcKifs, showing pittdi and eonstriiction of prin- 
cipals, the floors, every variation of level, and all 
spcxTial and important features. Sections should be 
diiiwn through all the exterior walls, showing the 
relative quantities of masonry, brickwork, and other 
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xijHtfti'ialK, the foundations, footings, plintlis, string- 
courses, windows, sills and heads, cornices, iwrapots, 
gutters, and dormers. Small portions of elevations 
are occasionally, as stated alK)ve, inclnd(Ml on the 
sections when they are taken through areas or small 
courts, or in front of slightly projecting hays or wings. 

Important TTiei of Beotioni. alike to the Deiigner and 
Conitruotor, 

The pri^paration of the sections draws the attention 
of the arcliitect to many points of constniction whiclx 
miglit otherwise not rtjceivo due attention, or ho over- 
looked. Ileadw-ay ” must he provided under every 
landing, (he relative heights of large iind small I'ooms 
adjusted so as to economise* sj^uie, principals and other 
roof construction must be w^orked out, as well as the 
constiaiclion of the floors. The systems of ventilation 
and w^arming proposed to l)e ad()ptetl in the building 
foi* wliicli the drawings are ))eing prej)ai*eil, can he 
sliown on the se(?tioiis ; all flues, cliirnney-shafts, 
boilers and hoil<‘r flues, sliafting, belting, engines, 
inaehin(*ry, and hoists. ,lT(‘igli(s and lev(‘ls of «*a(‘li 
floor must he carefully figured ; it is usual U> do so 
from flooi' to floor, n(»l from lloor tociMling, A. string 
of dimensions sliould hi* given froirj the foundation to 
the roof ridge, with ii datum lino fixed frcuji a ]>oint 
on or near the siU*, whieh must repuiin undisturbed 
during the erection of the building. 

Great Knmber of Sootion Drawlngi required In many 
SuildingB, 

Tlie sections cannot hi* (*omm<*n(u*d until tlie pla.ns 
hiiv(‘ la‘en tolerably worked out. 'i’hey sliould he 
drawn in outline before the elevations aive.ommenci'd. 
Rome idea of the numlxa* of sections re<piired to illus- 
trate tile interior of a. building may he obtained by a 
carefnJ consideration of tin* following examples. Let 
the reader place prominent ly before his mind a cliurcli 
consisting of a na\'e willi a tower at the wtsst end, 
north and south aisles, jjoreJiesand tninsepts, a chancel 
with a vestry on the nortli side, with c(‘llar und(‘r 
for heating apparatus, and an organ (diamher on the 
south side. 'Phe following set^tions would he reipiired 
to fully illustrate tlie interior of sucli a building : A 
section on a line commencing at the centre of the east 
tuid of the chancel, and jiassing jilong tin? line of the 
rouf-j'idge to the centre of the west wall of the tower, 
with h‘Lt<‘rs A It so jilaeed at oacli end of the section 
line tfiat any one attempting to read them must have 
the chancel on his left-hand side. On this drawing 
would apjM'ar a section through tJie east window, 
reredos and altar, an elevation of tlie soutli interior 
of the chancel, with the arched o}>enings into the organ 
chamber, a section of the chiiiicel arch, internal eleva- 
tion of tlie gable wall of tlie soiitli transept, and the 
elevation of the south side of the nave, with the arende 
and clcTe>»toi‘y, a complete scartion of the tower, and 
se<‘tions of the floors and roofs. A swond section 


would he re(]uired at right angles to the first, across 
the nave and aisle, and through the porches looking 
west; a third and fourth extending from the ccniiti 
of ilie gable end of the north transept to the centre of 
the gable end of the south transept, one hooking ejist, 
the other west ; a liftli soction at riglit angles to the 
first across the chancel, vo.stry, ami organ clannher; a 
sixth from the centre of the east oud of the chancel 
along tlie line of the roof -ridge as far as tlu‘ chancel 
arch, looking nortli ; and lastly, a. si'vcut h se<^l.ion across 
one of tlu* transepts and porclu*s, at right angles 
to tlu' third and fourth. Wlu'ii the whoh> of these 
sections have Ix^cn draw'n, it w’ill he found that every 
portion of the interior of the church has h(‘en illus- 
trated— presuming, of course, that tlie north and south 
sides of tho nave arc similar in design. An ordinary 
wareliouse, w'ith only one frontage, would ])i'ohahly 
retpiire only one section drawn on a line at right 
angles to tlie street, through ilu^ (‘ntranei* and st-air- 
case ; if tho building wi‘re (‘onsiderahle, a si’cond one 
w'c)uld he i'Oi]uir<‘d, on a line paralli*! to tin* strei‘t 
front. A (letaclied villa, containing a large vest ibule*, 
hall, ami staircast*, entertaining rooms on each side* of 
the hall, a billiard-room and eoiiservat(a*ies in the 
rear, would rcMpiire five or si.v sections, one ef whicli 
would have to lx* oii a line drawn through the v<*sti- 
bulo, liall and staircasii, a Ki«‘oiid om^ a<*ross t he stair- 
cusH at riglit angles to the first, and th(( otlii'rs on linos 
passing through the oiitevtaining rooms, all extending 
throughout the length, hn*a(ltli, ami lM*ig}it of the 
building. In all si‘(*tions tlie liori/.ontal distaiices 
between tin* walls must, of course*, ho obtained I'roni 
tho plans, and the elevations must, he ki'pt stoadily in 
mind when the. vortical dimensions ai‘e Ixang plot,t(*d. 
Tho young ai’(!liiU‘ct cannot mistake tla^ numlwr of 
HCJctious i*e(]uired foi* any luiilding, if li(5 recollects 
the rule that every portion of tho interior that is 
not a perfectly plain surface will reipiire a, seiition to 
illustrate it. The plans, (slevations, and se(*tions 
described above include all generally termed conti*act 
drawings. 

Extra Prawingi frequently required to complete Contract 
Drawingi Local (or Sanitary) Board Drawing«. 

[hit in addition to thost^ wliat may he (*a I led general 
drawings, otliors have to ho jirepared which may l»e 
classed as the draw’ings t:> lx* dep<)sit(*d with the loc^il 
authority — which may lx? tho eorfionilion of a t.ow'ii, a 
vestry of a dislri(!t or parish, or tlie Ijocal iJoard of a 
largtfr aica I'o these have to Ix^ addixl large-s<^ale 
drawings and full-sized details in the (%aso of buildings 
of any importance. Ami lastly, <li’a.wings are often 
rerpiirod to he in dupli(M(e, or tracings made of tho 
originals, for tlie u.-^e of tlie eontraetor oi* for tliat of 
tho clerk of the works. Tlieso extra dr.iwings, as 
ihoy may ho classtxl, will ho dos(*ribed in di'tail in a 
future chapter. 
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THE JOIHEB. 

TjIB GENBBAi. rBlNOIPLKH AND THE DETAILS OF HIS WOBK. 

OliAPTKR III. 

Joint# uiod in lengthening Pieeei— The Half-lap Joint. 

At tin: cwicJusJorj of last chapter we stated that 
the juiiits of CKi'])eiitjy /intl of Joinery ” were similar 
in pi'jiwiplo: an exaiiiplt! of tliiniri iound in the illuft- 
ti7i(ion now to be ^verif wJjidi forms one of several 
methods used to lengthen one piece by having another 



Fiji. 12. 


piece addtMl to it. Fi^^ Jii illustrates a well-known 
form of joint, known an tlio “ litiJf -lap " j lig. 13 



as at/. Or the end may U formed as at i j k; the 
recessed paH as at L 

Other Forme of Lengthening Joint i— The Dovetail Joint The 
Tongue and Groove i or Plonghed Joint — The Ploughed 
or Grooved with Feather Joint. 

Fig. 15 illustrates another joint of the same class 



Fig. 15. 

ns List described, in which tlio pieces joined witli a 
half-lap joint, as in fig. 1 2, have dovetail tongues, as 
at 0 and which go into (‘orrosponding recessed ’part.-.;, 




Fig. lit. 


shows this in detail, I ami m being longitudinal 
sections of the i)iirts a and h in side elevation; 
c d f' f shows in [ilan the part cut out to half the 
depth uciws the line r/ A j k being the Hue of 
jaiicbion of tlie two surfaces. The parts may be 
secured together by a pin, ns at c in tig. 14, but 



Fig.l 


this joint is weak to resist any side or lateral pressures, 
as indicated by the arrow d, which will tend to dispLu'e 
the part (f acting upon tlu‘ pin c i\s a centre. The 
lower part of the diagram shows how this lateral 
strain may be met ; the end of tlie pieces, as rr, lieing 
provided with a ]>rojecting angular part, wliich goes 
into a corre pomlingly->haped recess or part cut out. 



as c in plaru Fig, 10 is a modilu^ition of tliis. Other 
forms of joints .in this cla.ss ai'C shown in figs, ] 7, 18, 



19, and 20. Fig, 18 is the “ tongue ami groove,” or • 



Fig. IS. 

‘‘ tongued and ploughed ” joint, the «ime as used in 
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joiniug bofirds edge to edge. Fig. 19 iti a double the piece a' a', a a, 6 i,(ihow the parte put together in 

side elevation. 22 w a this irith 










Fig. 22. 

a eloping face or table c, nnd a projecting horizontal 
pert i. Figs, 23 and 24 are more compliotted forme 
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which may conio under ttie present class ; the cor- both cases the tenons ai'e dovetailed, not plain j 
responding accented letters sJiow coriespomling jxu'ts jra- 

of joint. TJjose joints, espotsially ;J.‘i^iU]d l>4, 

como also, and poidiaps more accurately, within the j j | 

range of ojirpenter’s work for large beams. i 

Tongned. Ploughed, or Grooved Quirk Bead Joint. || || || 

Fig. 25 is a joint of the same class illustrated in |!! I II III 

iigfl. 5 and 7. The accented letters indicate the separate I 

details to the right. The upper diagram to the 

left shows the two pieces in edge or side elevation ; Pig. gg. 

the lower diagram the front elevation of the pieces, gg 26. Fig. 29 illustrates a method of joining two 

Ju this only one side or face of the pieces is finished 
witJi a quirk bead, as at The other side is flat, 
stive where the edges of the two pieces are splayed or 

bovelled^i.e. have had the arrises taken ofT at the | 

joint, as at h and c. This is referred to in connection M RSl A ^ ^ i 

with figs. 5 and 6. M M 

Joints used in Joiniag Fieees Vertically to each other. my 

Wo now como to those in which pieces are joined Fie. 29. 

vertically to om^ another, and those in which the pieces at right angles: in the upper diagram the 




pieces are at right angles to o<u.di other. Fig. 2G 




liorizont.*!! ])ieco is joined to the side of a vertical 
])i(Xte by n dovetail tenon; in the lower diagram a 
v(TticaJ piece is joined to a horizontal-lying ])iece by 
being simply l(*t into a groove cut in tJie lying piece 
of a widtij equal to tlic‘ thickness of the vertical piece. 
In tig. 'W wo give a detailed di'jiwing of another niet hod 



illustrates two pieces joined vertically by what may 
bo cuIIchI the ()])eti mortise, but which is the tongin* 
and groove joint already <h‘scribed. The groove 
is cut) out in the lowi'st piece, the tenon being 
cut on the eiiil of the npjjer piece. Figs. 27 and 





38 show the same joint, hut for closed mortises — one 
single, as in tig. 37, and one double, as in fig. 28. Jn 




of nmking a joint, where one piece, as h h, \ eitical 
to another piece a a. In this the groove is not cut in 
the ]>iece a a of full thickness of the pioc*> h h \ but 
only of a certain part of this ; the end of h h being cut 
ofi'so os to form a shoulder m at /<, allo^^illg the part 
c to enter the groove r made in the pitx*e <7. This 
shoulder in h h allows of i)art of b b butting solidly on 
a c, thus relieving the groove from any hiteral pres- 
sure exercised by the i>iec‘e b b. 
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THE GEAZIEB AHB CATTLE BBEEDEB AND 
FEEBEB. 

The TrCHN’ICAL POINTft C0NN1X’TI:D ^Viril the VAHIKTlKia OK 
BltEKDROP CATTLK-'-THianPllUKDING. IiKAHiNC., PKED- 
ING, ANDCiENKTlAL MANAGEMENT FOIt THE IMtODUCTION 

OF Butcueiw’ Meat and of Daiuy ritoDuuE, 


CHAPTEll III. 

The last paragraph in Iho preceding chapter opened 
up tho general features of the object the cattle breeder 
had in view, and we concluded by naming the good 
qualities he desired in his fattening animals. When 
an ox is found lo possess those good qualities wo 
generally alluded to, they are sought U> be per- 
I)etuated in its progeny ; and the breeder, in raising 
stewk from tliis, tho parent, seeks also still further to 
improve those good qualities, or to add those which 
are deficient, so that the value of the progeny will be 
greaior than that of the parent. In like manner an 
animal possessing good 2)oi7its may be made to com- 
municate tlieni, or some of them, to the ])rogeny of 
an animal detieient in lliem; so that, whihj on tho 
one haml good sUxik can he perpetuated by its 
])rogC'ny, so on the other bad stock, or stock at least 
detici<mt in good (jualitiiss, may be iiij|»rov(»<l l)y being 
brought under tin? inllnenco of the good stock. This, 
roughly or briefly staled, coustitutos tlio Art of 
llreodiiig. 

The Pointi of Cattle meeting the Condi tioni Named in 
Last Paragraph. 

Thu qualities of an on, or <»f fattening cattle, are 
known or designa.t<‘d technically as the points,” and 
tliost^ “ ])oi Ills ' are indicati'd by tlio. e.xtei’jial <hara.e« 
Ka'isties of tlio frame or body of tlie animal, tiusso 
making up what is called ])opular]y its .sJiape or 
form, l>ut more accm-ately its cuiituni*. Tiiero 
are cei'tain oilier indications of qu.aliiy of sto<;k 
wliich, connected with the ft‘el of tlie ilesJi and of 
the hide, and (piality of the hair or fur by whhdi 
that is covered, ni-e ascertained by what is called 
**tlm touch,” or prqmlarly the Imralling or feeling 
of tho animal. To such a point of iierh'ction lias 
the art of bi'isaling reached, tJjat tlio skilled biwthfr 
can so arrange the details of his work tliat lie (;an 
lay on ^le^h, so to say, on the jmrts of the fi-anm 
which yield what tlie hiiLcher calls the ‘‘ tiriost 
cuts,” giving tho maxiiiinm of those, so tliat tho 
animal when killed yields the maximum of profit. 
But this liigli degn.‘e of perfection in tlie art Jias been 
readied only l)y the exerci.se of tlie idosesl observa- 
tion and the most patient and prolonged of practice, 
earriecl on during a very long eiair.se of years. Several 
generations of farmers ]ia\'e passed a^^•ay since the 
period when breiiding of cattle coin iije}i (red to Ik‘ 
distinguislK‘d by that (rlose observation und that 
patient and sustained ellbrt wiiidi can alone raise 


any pursuit fi*om the position in which it is carried 
on ‘^anyhow^” chance only dictating its results, to 
that in wliich certain results are ensured w-itli nmre 
or loss accuracy, from carrying out of certain rules 
or methods of procedure. 

The Oharaoterlitioe or <‘Fointi*' of Fattening Cattle in 
Detail— Bulk or Biie of Frame or Body, 

In tho preceding paragraph we stated in very gonerrd 
terms what constitutoa the art of breeding, and what 
in the liands of our most advanced graziers a*nd 
cattle breeders this art has done in creating horde of 
fattening cattle, which yield the largest amount of 
flesh or butcher meat, and this possessed of the (piali- 
ties which bring the liigliost price for the moat in the 
market. We aho stated in general terms that animals 
wliich give this high quality of moat are found to 
possess certain ohariioteri sties of foi'in, oi- have what is 
called a good ooniour ; tliose characteristies going by 
tho technical designation of “ points." We now 2(ro- 
coed to explain those general characteristics somewliat 
in d(?Lail. We ha ve said tha t tho fattiuiing ox lias boon 
likened to a nuudiiiie by which, ouf. of crude vegetable 
Hubstaiices, flesh is manufaef ured. Although this 
latter tt*nii is somewliat coiu-so in its coric(‘])lioii, as 
applied to that in wliich the mysterious element of 

life " is so intimately eoiKHU'ned, it nev(.Ttlieh‘ss gives 
a fair idiui of wimt the woi-k of tlie hn‘eiler and 
f(uuler ol cuttle is. .For a machine (h?sigiu‘tl lo do 
certain work in the most economical way must have 
its parts arranged witli particular rel'erence to tlio 
work to ho doiu*, ami those duly projiortioiied one 
to another. Take, for example, an intcrually lir(‘d 
sUram'Ongino lioihu-, wliic^h witJi its furnace may h«( 
call(.*d a nia(!}»iij(.j for the juviducliou of slisam, such 
as the “ Coi'iii^h ” or tho “ Ij«ii(Nishii‘(! ” form (mm* the 
jiapers which tako uj> th(^ details of "I’lu' Slcam- 
Kngirio”). ll(‘i'uw(^ must ha\’e aiiiph' interior space 
in which to (jousuhkj tluj fuel which gives us tho 
heat, wliich in time is comm unhealed to fh<^ wat(T, 
which again in time gives us tJio st(\‘un. And tluTO 
must also, tli(a‘efor(.f, bo amjile sjiiuhs to jirovide for 
the supply of water, and tlie st(‘am to he stored up 
after Ixurig iiroducHjd until it is i*o((ui)*(f(l. An<l how- 
ever those fuel, Avater, and si (fain sp.aces are arranged, 
th(\y give, and must give, oxtciaially a certain 
form or .sliiqie or VAmlonr to the whole iqiparatus, and 
thus a certain hulk or volunu) io it. A less sjmee 
for tlie coiisumption of tlio fmd used to hoil Die water 
and rai.s(j tin? steam (iiaii tliat which tin; volume of 
Avater demands, would mahe an imdiicient luaha*, 
Avhich would Imni <ronl Avitliout giving the ]»roper 
fsnlt or e(iuivahait in steam. Noav', llie aniinul fiMiiie 
of the fattening ox may he likened to a boiler and its 
f urmu!e ; and we sliall find as we pj-oceed that; the 
simile is much more closely apjdicable than the youth- 
ful student may at present perceivr*. For tlu^ j>ro('«ss 
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Tho Chavaoteristio Features of Fatten ingr Cattle named In 

Prooeding Paragraphs to be Present in Good Proportion. 

Ill suiting tluii ainjilo sjiacv ninsi ]>♦' pv(‘n within 
tlio t’lMiiie of tho aninml for the rocoptioii of a 
largo stomaoli, and of w(‘ll-dc‘Vt*lo|)<'d Inng!^, it mu>t ho 
roinoinhered that those must he all well jiroportionod. 
■\Vhilo healthy aotion of the lungs is absolutely 
indi>]M Usahle, tlie lungs should not be too largely 
dovoh'ped. Wluai wt‘ rt'inenihei that life going on in 
th<f animal frame is aotiially a process of coinhnstion, 
the i'.'od which is the fuel being consninod by contact 
witli the oxygen contained in tin) air snppli<‘d by the 
lung.^, the grfsator the supply of air to a given amount 
of fuel — that is, food — the more rapid will bo tlic 
process of combustion, and the more quickly will the 
force constituents of the food be carried away by the 
lungs in the act of breathing. The larger the lungs 
the greater the area of the air cells, and the more active 
therefore the combustion of those parts of the food 
which go to increase the fat of the animal. An 
animal with too large or unduly proportioned lungs 
will not take on fat as rapidly as one which has the 
lungs in clue proportion to the frame, — and for the 
reason above named, for the food will be conBamed so 
rapidly, or the blooil will be so quickly oxidised, 
that much will be taken away which would other- 
wbe have been assimilated by the animal, tending 
to in(‘roaso tlie fie.sh tissues. The great aim of the 
brooder should therefore be to have animals with 
lungs only sufficiently large to admit of the Iiealthy 
bro.itliing action going on — that is, minimising the com- 
bust ion of food, leaving its maximum constituents to 
be a>similated by tlio animal and form fat. Much the 
same reasoii exists for not having a too large liver in 
a fattening ox; for if it be too large, its action drains 
olf, so to sjiy, tlie ms[)iratoiy or carbonaceous or fat- 
producing constituents too rapidly, and consc(]uently 
retards the production of fat. Some considerations on 
tliese two points, oi* mlher on tlie one point of undue 
drain upon the fat-pj-oducing (xjnstitiients of the food 
tlirough lung and liver action, will be found in 
succeeding paragraphs, in whicli the subject of cattle 
food is dealt with. 

“Touch ” or exextore" of the Hide or Skin of the Animal 
a Teit of the Value of Fattening Cattle. 

We have already referred to tlio toncli or handling 
of the animal as a test of the quality of the Hesli, 
this quality being tt'chiiically known aw “texture.” 
This is one of the points or tests of a good animal 
which cannot bo easily, if at all, descrihed in words. 
^^'liat constitutes a gooil touch or handling of the 
skin and tLssues iinmodiately l)cl<jw it must, in 
be learned by repeated triul.^of dillerent animals. The 
only word which conveys an idea of what a good 
touch or handling is, is tliat it .•‘ball bt) “ mellow/’ It 
is gonernlly understontl that the fineness of the touch 


indicates fineness in the texture or the fibre of the 
fli‘sh. Kvery one is but too familiar wifh the coarse- 
grained meat which is too fnquently sup]died by the 
hutchor, wdiicli gives a look to tlie “cut” futally 
different from the fine grained, del ica to-looking fihri' 
of tlu* flesli of a well bretl and carefully ft'd ox. 
Fiuerioss of texfairo o\' of fibre is often supposetl to 
constitute what is ealliMl good qualify of tlie niejit. 
But there is another atti-ibute whicli goes to make 
11]) this essential feature of quality, ami that is colour 
of the flesh. Ilow(‘vor fine the fihr<* may be, or 
texture of tlio flesh, if the colour be dark the 
is not considered by judges as of good (juidity. But 
this, liowevei', may be taken with a, reservation, for it 
may be looked upon as being a j>oint niucli of the 
same kind as the preference for white liread to that 
wdiich is dark-coloured, altliougli this or brown bread 
may be, and is, considered the more nutiitions, We 
have a parallel illustnition in the case of mutton. The 
fle.sh of a Welsh or mountain wlioep is dark, and quite 
unlike the light-coloured flesh of a Soutlidown or a 
Leicester sheep; yet the texture or fibre of the meat 
may bo alike fine in both, while that of the light- 
coloured only is admitted to be of good quality. Yet 
the flavour of the Welsh mutton is higlily esteemed. 
No doubt dark -coloured flesh is not geneiully bo juicy 
ns light-coloured ; but a bright colour in tlm fle.sh of 
fattening oxen being considered in general as a point 
in good quality, the breodor has to look to obuiiuing 
tliis pecnliariby in the flesh of tlio animals ho breeds 
and fattens. Ho has, therefore, to bo careful not 
to select animals to breed from or throngli which 
have dark-colouroJ flfwh, however good their “ points ’ 
may be as indicating quick-fattening animals. 
Frinoipal Bread! of Fattening Cattle employed by the Oraiier, 
It is not our purpose to give a detailed description 
of all the classes and vai'ieties which make up w' bat are 
called the iii'itisb breeds of cattle : this would demand 
an amount of space inucli more in keeping with an 
elaborate treatise, having abundance of sfiace at com- 
mand, than with the cbnract»‘r of a paper wliich luis 
to find its place amongst a wide variety of otlici* pajiers, 
but wbicb, nevertheless, wo boj)e to make exliaiistive 
enough, so far as the pnictical details of the subject are 
concerned. J i will be oiiough ft>r Uiis purpo.'-e if wc give 
a short account of the lemling breeds, whicli may be said 
to be the distinctive, as they are the faviairite ones of the 
gimier, Mucli lias been written, and not altogetlicr 
of a profitably pi-actical cliaracter, as io the aborigiiiid 
or oi‘igiriaI iiali\'e breed from wdiicli all our moilern 
breeds have boon dcrive<l, that is, suppo.dng — wljicli 
(siipposilion many w-riters are by no means disjio-.erl to 
admit a.H directly based on anything like well aotlif-nti- 
CJvted facts — all our breeds to liave desceinled from one 
primary or exclusive stock. Tho.se who maintain tliat, 
the present wide variety of lii'ecd.s, with their gre.at 
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raiigo of diversities of ohanictor, cotild not liuve sprung 
froin one, hut from sevoiul original Jininnils, have 
s(?nr(Hdy, wo think, given that (ilose attention to what 


and hence were called the Caledonian cattle, thotigh 
why it is not easy to see, inasmuch as they belonged a^ 
much, if not more, to England than to Ht^otland. Tlie 


may bo called tlio inlluomio of the feeding or living only remains of this breed of cattle, which are thus 


ciroumwtances ; as of localil-y, soil -with its focsl pro^ 
ducts, Mild climate, in modifying the pljysical charac- 


supposed to represent the ahorigimil breed of (rimt 
Britain, ai*e to be met with in Chillinghain Park, 


toristics of the lower animals. TJ»e peculiarities of the Northumberland, at Kibbesdale in Yorkshire, and at 


l)asture g»‘ass which aloiU! for many a generation 
constitut.i'd <ho food of cattle, and which in many 
distritits still pr'actically limits it ■ -Jiave beyond a doubt 


Wollaston in Nottinghamshire. Pas.sing from this dis- 
puted question as to.whic.h was, if there wji,s only one 
original breed, from which all our mod(jrn brec^ds have 


a peculiar intliionco on the physical conformation and spi-iing — which, however interesting, as it certjiijily is, 


Ijodily featnn^s of our animals. Wo see this, indeed, 
every day now, if wo hut cans to look for and examine 
it. A bulky Shorthoin or a Hereford ox would 
stai've, whore an ox artmstomed to feed in the marshy 
iind (loarso pastui'os of Ess<*x, or on the cold liill pas- 
tures of the north of England or of S(‘otla<rwl, would 


in many of its aspects is scarcely practical enough in 
its <lotails and the outcome of its <liscussion to detain ns 
longer * we proc-eecl to gi\'e our brief notes on the breeds 
now at the command of the grazier in producing sup- 
))li(‘s of animal food, or, as it is more detinit(*ly termed, 
butclier meat or beef, for our ever increasing p{»j)ula- 


thrive. And if we started with a> herd of tlio luigo lion. And of thes(i we siilect as the one first to noti(*e 


animals, with juicy well filled frames of fh^sh and fat, on The Shorthorn Brood of Fattening Cattle, 

poor past'Urc^s and — ■ .j.. • — - .... This selection we 

- make on the prin- 

“■ . ‘ — ciple of the de- 

^ ^ ^ • .**. 1 — --3^-- rstjination, as not 

* nt'verthcless rank- 

iVml the converse may betaken as ing so high as the shorthorn, tlic reputation of vhich 

iginal or solitary trilu* of cattle, l)y is not confined to this country, hut extends alike to 

climates and richer pastures, that the continent of America aiul to the Antipo<h‘s, lu'ing 

uilimu* to improvt', and each class as highly ostoemed and as eagtTly sought after hy tlu? 

‘(udiarity which woulil tlistinguish breeders of tlu‘ United States and of Canada as by 

i; and that this ]>eculiarity might fluwe in Austiiilia and New Zealand. The “ sherl- 

to the h)cal and climatic influences, horn ” hmsl is otherwise known as the Durham." and 

IV ho conceded thtd all our varied 1)V this name it is miicli better known to (\)ntiT)ental 








in a. cold cliinat(‘, - 

■ ■■ »• 

no om? wlio knows -■ 

gj^Micra^^^^ litul ^ ^ 

HO to call it, show- 

signs of acipiiring *^*^ **• ‘ --S 

smalh‘i' frames, ^ 

with p(n)n‘r meat. Ami the converse may be taken as 
t rue : given an aboriginal or solitary trilu* of cattle, l)y 
rmuovals to warmer climates and richer pastures, that 
those cattle wo\dd conlimu* to improvt', and each class 
wtadd sla)W some juvuliarity which woulil distinguish 
it from another class; and that this ]>eculiarity might 
reasonably he traced to tlio hical and climatic influences. 
While, tluMi, it may he conceded thtd all our varied 


breeds htivo de.scended from one stock or kiml of 
animal, it is, however, a diflicult matter to point out 
with detinite ]>recision what that one class has hecti. 
The mujo ity of authorities is in favovir of the opinioii 
that it is to tlie Wliito Tattle, of which we have now 
hut' a. veiy few in this country, that wo have to look 
as the jirogoniiors of the wide variety of hrt'cds we 
now have. And those white cattle are themselves 
the remain i or i'tlsluKds of the herds of cuttle which 
in the t'aily pi*riods of Bi'irish history mamed wild 
over the northern ])arls of England, an<l extended 
their range to the more southerly ^mrts of fck.*otland ; 


agriculturists, amongst whom it is held in as higli 
esteem as it is by our own farmers and graziei's. 

Fig. 1 gives a fairly g(x)d conception of the char- 
acteristics of the shorthorn breed of cattle—it being 
an illustiution of a prize )x. In n future pai-agraph 
the classification of breeds according to the formation 
of their “horns,” as “short,” “long" and “middle" 
horns, will la* illustnited, showing the differences in 
this respect. In the shorthorn in some crises the 
honi is only relatively short as comparcMi with some 
animals, of the sjune bi‘eed, whhdi are in reality very 
short, as will l>e shown in a future illustration. 
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THE BBICKLAYEB OB BBICESETTEB. 

The riUNCIPLKS AND I'BACTICAL DliTAILU OF U18 WOKK. 


CIlAPTEli II. 

The Kixing of Boili of DifTerent Qualitiei in order to make 
Brioki under Certain Conditions. 

The hriokmakor lia^ however, t)i‘ten 1o mix liis soils 
iti onler to obtain the desired propoi‘tioTis roquisit** 
foi- bi'i(‘ks of good quality. And the best mixture 
obtainable win only be found by direct experiment. 
]Ioweier good irniv be the eoil or soils used, it is 
o])vions that all extranoons substances must be re- 
moved from them before they are taken in hand for 
brick moulding and burning, Tliis involves extra 
cave in the preparation of the soil, and we not'd 
s^^■^rc'ely say that this is not given wliere ‘*<‘lit>upnoss ” 
must be tb(^ chief attribute of tht? bricks made, what- 
ever otliei* cbaraeteristics (»f a good kind tiny may by 
cbaiujc ]»oss(‘ss. To gt^t rid of useb'ss and dangei'ons 
extraneous substances, und to tit the soil for g<M)d 
moulding, '* weathering ” and ''tempering” jmist be 
carefully done. "Hand monbling” retinires the 
cxtM'cise of skill and care on the part of tlie work- 
man ; but it is fast being supta-seded by ‘‘machino 
mtmlding," which not only turns out a greater niimluT 
of brittks in tbtj same time tlian can be done by band 
moulding, but gives to them a greater density and 
eoiii|»ictm*ss, and admits of a wide vai-iety of forms 
und methods of making. After moulding conujs the 
" burning." 

The Burning of Brioki^Oood and Carefully-oonducted Burning 
essential to the Making of Sound Bricks - Modes of Burn- 
ing employed. 

This demands tlie grc'iitest care and knowledge. 
Nor les.s carefully must the " <iooling ” of tlie bricks 
wh(?n bui'iicd be looked to, as much of their quality 
depends upon tlie way in u’bi<'li this is done. TSut, 
howi'vcr carefully all tlie previous pro(7(;ss(fs are done, 
and however gorul the maleiials, tlie " burning” does 
not jiiivo bri<*ks of uniform (piulity. This will be 
obvious on slight consideration. Bricks are burned 
either in specially constructed " kilns ’’—theniselvos 
built f)f bricks — or in what arc called "clamps,” whicli 
iutei'iially are simjily structuri'S or masses built uj> of 
tho moulded and unliurned bricks, mixed with which 
is the fuel which curi’ies on and completes the burning. 
Now, from the way in wliicb tho bricks —pai tially 
air-dried before burning— are jilaced in the “kilns" 
or built u]) in the " clamps," and from the way in 
which, in both cases, the heat is apjilied to the bricks, 
unepial burning is the necessary or compidled result. 
To he;it ef|Ually all the bricks is tlie aim of, but rawer 
is absolutely Hoeured by, the brickmaker. There are 
therefore, in each lot bunied, diHerent (|nalities of 
bricks, and those qualities aro <Udiimd by the position 
W'hieb they have had in the kiln or the damp. The 


iH'st, as may easily he supposed, aro those taken from 
the central part of the mass, w'hero the heat has het'ii 
most uniformly ai>pli(.‘d. 

Namei by whioh Brioka burned in Certain Waya are 
Known or Beaignated. 

Those are known by dillcrtmt names in diderent 
localities — such as " btuly bricks,” "liard bricks,” or 
"cherry bih'ks,” fi'oin their tine, bright red colour. 
Those,' bricks taken from the sidt's an<l top of the 
mass ai'e the pooiwt (piality, and, known by various 
names, such as " soft bricks," pale bricks," or 
perhaps more gent'rally as ‘‘ common bricks," are 
useful only for the inner courses, bi'itig untitteil for 
outside woi'k c’XposcMl to tho weather inihiences, or 
subjected to heavy ju'i'ssiires, as in siqu'rior brick- 
work. Of kiln-dri(‘d brii-ks, those at the top, or arch 
bricksas tlu'y ai“<» gmierally It'rmcd, althougli bard and 
p(»ss('ssing a more or b'ss cumpli'tely viti‘itii*d surface, 
rendering tlaan so far capable of rc'sisting tlu! weather, 
arc' gi'iicrally so brittle tbal» lliey ai*o imlittcd to I'Csist 
pressnre; and mortal' doe.^; not take kindly to their 
surface's. 

Brloki dialled nooording to their Colour — The Olaiiei or 
Kindi, with the Charaoteriitioi of fioundneii. 

I’lic,' ubovc^ are tbi' general dersignations of bricks, 
but there are many spcu'ial names particularising ditVer- 
c'lii varieties ncconUng to cpiality and colour, which 
attribuU's are derivable not iiicayly from tbi^ materials 
of which thc'y are made, lmtfi*om tbc' inanin'r in wliich 
und tins care witli winch they are manufactured, dried 
and burncMl. As regards c^olour, tliere may be said 
to be three grcjat divisions red, yellow, and blue'. 
It necal sc^areely be said that tlic* i*ed comprises the 
great majority of the lu'icks ustul in const ruc^l ion ; so 
inueii so tliat ibis colour is, in tla^ popular mind, 
always associated with the* inaU'riaJ, and finds ex- 
pra-sion in the phrase "as red as a. brietk,” as if 
lu'ii'ks of other (jolours wca-e not to be met witli. 
The colour of liricks goes, as may easily be siij) 
posed, tbroiigli all vurlcities of tones and tints, this 
bc'ing HO largc^ly di'pendcait Ufion tlie iriatia'ials of 
winch they an; composcsl and on the; way in wliich 
they are made. And tlie- tone or tint in great, if not 
always in absolute ineasiiri;, indicjates with <;onsidei'- 
able jirccision the building cpialities or value of tlie 
bricks. Tims tho best of rcsl hrinJcH aro gcmcu-ally of 
a bright colour — wliat is kianvn instinct! veJy to 
1)0 a bright, puj*e, clean, clear coloni'. The best 
bricks of tins kind give oul, when s(i-u<‘k with tlie 
trowel, a clear sound, in gr('at measure metallic, 
ju.st us if the tj'owel wei'ij striking some material 
like itself. TJie surfa<‘e gives at onct; the idt'a that 
it will well resist tlie weather influences of rain 
and damp. Bad or inferior red Imicks iiave, as 
a rule, what are at ones* known to be tlie opjio.'-ite 
of the qualities above nairn'd, so far os regards colour, 
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TEE ORNAMENTAL WOOD WORKER AND 
DESIGNER, 

In Carpentry and Joinery, ohiefly for Exterior Work. 

HEING ONE OF THE SOD-SECTIONS OF THE PAPEK ON “ FORM 
AND COLOUR IN INDUSTRIAL DKOORATION.” 


CHAPTER II. 

At tlie conclusion of tho jirccciling chiipter, in some 
remarks on recent improveinents made in the popular 
taste in regard to beautiful work, we stated tliai the 
cultivation of a taste for the beautiful had a tendency 
to make people dislike and leave ofl' grovelling pursuits 
and tastes. And so much lias boon done in tliis direc- 
tion that we have every hope that vastly more can and 
will be done. It is no vain boost for the advocates 
of this higher education to say that a more healthy 
because a woiinder notion of what constitutes the 
beautiful in objects around us, and wliich we use more 
or loss in daily life, has taken possession of all classes, 
of all ranks and conditions of men. It hae ])ermeatod 
from above downwards till almost the poorest classes 
disjilay sonic, and in a few cases even a high degree 
of appreciation of what is beautiful and pure — which 
is in the highest degree satisfactory, and which 
if it 1)0 not all that is to be (b?sirod, or iiid(H*tl 
only in reality but a small ads-anen in the right 
direction, is novortheloss an eiiornious ailvance on 
what existed a gen(‘ration ago. I’he term ‘^art 
manufacture’' now means soim^thing, and carries 
something pinijtical with it, not nicrcly to lli<^ halls of 
the wealthy, but to tlie “ lints where poor men lie.” 
No doubt the term ‘^art manufacture 1 ms been 
much abused, and it would be well for us if it w’cro 
not so fre(inerit]y abused now. Und<jrtlie slielter or 
the authority of its name miidi is pro<lu(;o<l w'hich, 
however g(»od its claim to be considered as a ** manu- 
facture,” has not the shadow of a claim to be cl.assed 
as *Mn‘t.” Much has been made or man u f act u red, 
whicdi in no true stmse has been <losigned. Not- 
withstanding wliich, however, it is beyond all di^puto, 
as we have said, that a vast impi'ovement lias taken 
pla<fe in tlie [uddic eslimation of wljat (lonstitntes the 
beautiful. I'h on in poor cottages, articles which were 
supposed to I»e ornamental, unci tlioso whicli were 
simply considered to be useful, but all of which 
were hideously ugly, have been, during t he last few 
years niore espeeklly, supplanted by objeetts which 
have in many caw's some fair pretension to the pos- 
session of good design— in some few rcjilly do possess it. 

Cauiei which have brought about au Improvement in Popular 
Taite iu regard to BeautUol Thlngi iu Gouitruotion. 

Tho various agencies which have been at work 
aiding the elTorts of those who desire to raise tho stan- 
<lard of popular taste in every walk of daily work, and 
in every branch of daily life, have without a doubt 


eHeotod, as wo thus soo, on all sides groat inlpro^’omont. 
Our numerous oxhilutiiuis have ilono good sov\icoiii 
this rospoct, not merely as exciting (‘iiiulutiun iu the 
various d(*partments of business aJiioiigst those who 
are practitvdly engaged in carrying tliem out, but 
they have made us aiMpiaintet] with what wasiloiie by 
other peoples, markedly those on tho Continent. And 
the lessons tliey t, aught us luive been so well learned 
that in some ih'partments wo now excel our teachers. 
But tliat we have from tliem mucli yet to learn, those 
know best who aro best act|uaintod with what the 
Continent has yet to tojudi us. And it is a suggestive 
consideration, and one which curiously enough l)earsin 
the cloi^iest possible way on the immediate sulgeet of the 
present section of this senes of papers, that it is just 
the one which has been tho most poorly i^oprcsented 
or illustrated in tlie numerous exhibitions wo have 
held in this country; and to which oontril>uti()n^ from 
the Continent were sent so freely. Tho art of wood 
design and exociition has, so far as wo know, scarcely 
been ropresoutod at all, judging it by tlie higJiest 
standard. And one has to go abroad and IraN'ol far 
and wide, with observing eye and tJioughtful mind, 
before one can form any conception to wliai a ixiint of 
practical jH'rfoelion it bus tluu’e i'ciicIuhI, 

Wldt Field for ike Study of Ornsmental Conitruotion in tbv 

Timber Work of the Oontinent.— A Fraotioal Contrast. 

And it is only those who have liad t]i(> opportunities 
wliich such observant tmvcl can alone allbnl, wlioaro 
able by having in their possession the power, m» Vo call 
it, of contrast ■ to know to its full extent iln' poverty 
of our workers in timber in respect to tlie iiji]ilieation 
of design to the labours of tlieir hands, 'lb one iJiis 
knowing what liaHl)oen done, what is being dailj'dono, 
in coiiiitrios not so very far se])aratcd tVom oiii' own, 
makes it, to say the least, sumewliat depn^ssing some 
would say humiliating- to witness so nuiny op])or- 
tunJtio.s prcsiaited Loour workmen for displaying their 
knowledge of design totally overlooked and neglecti^d ; 
opportunities wiiicli, if availed of, would in many 
instances give ih<‘ J'hnijiIo “ Uiingsof Isunty,” which the 
poet has well siiid are things of ** joy for ever,” and in 
all might at all evaaits plojise tlie eye and grah’fv tfic 
taste, wdiere now th<*y only oli‘end and s)jo<'k. This 
does not hold true only of wliat may he called the main 
work of ordinary slru(‘tni'es ; it holds equally ti'iu* of 
the large]’ and more iireUmtioiis structures in wliich as 
much money has clearly been cxpraaled; me small 
extra amount of it might j easonahly have ' con forth- 
coming, to add to all the stability of sound construction 
which they assuredly display, some at least of the 
w’unts and claims of good design. Tliere is a well 
known city in the kingdom w'hi<*h prides itself, and 
justly so, on the nuinhei- and maguiliccnce of its statel y 
structui’cw in the most perfect style of woi kmanship, 
and of the finest and purest stone. In this city a 
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public coiupuny has oroctwd ii stviicturtt lor tho itccom- 
nKM.lulion of the public, or not wg 

do not prtstoiid to say — not to absorb much of their 
funds in tho iiso of luatorial costly to purchase and 
more <H)stly still to work, they have chosen timber as 
that of their stnuiiire. In poitd of working plan to 
soil th(^ wants of the ])ubli<? and of tluar own business, 
in jioini also of soundness of construction, tho structure 
loaves nothing to bt‘ desired. ]hit in point of that 
design which appeals to tho taste and pleases tho eye, 
it is, notwithstanding that it faces oius of Uio noblest 
of streets and one of the grandest of natural objocjts 
with whicdi a city can Iw blessed, neither more nor less 
than “ hideously ugly.’* True, there is an attempt to 
giv(‘ f(»nn m* outline of tho buildifig some look as if 
“design had to do with the origin ()f tluj structure; 
but there has ln‘en such an evident forgetfulness — if 
not possibly an ignoranee of tlic canon or rule in 
design that eaeli material dictates or ouglit to dieUto 
its own ]K‘euliar idiaraeteristic of eons! ructive ireat- 
nuad, that it would have lu'vii mueli more satisfactory 
if the sinieture had lanui even jdainer than it is, and 
l»een lacking altog(‘tli(^r in those details wliich it pos- 
Kt'sses, and wlueh ai’(^ pr(‘Hnmed to ho decorative. For 
this v(‘ry attemjd at design serves only to make? the 
liu'k of all true principles of design the nmre pain- 
fully obvi<Mis. A vvt‘11 <*onstructod sludl with ]dain 
surfjua^s, and piej^iMl wit h the ustiul bald “ voids ” 
for (lo(H'S »uid windows, would have at h^ast la‘en a 
thoroughly honest -lot>king struct uro, d<woid of the 
pretension which the attempt at. d(‘sign gives to it, 
Am! if. as we have shown, the structure iu its Umt 
nffivuihlv t)r general ,ap[)ea ranee latniys a lack of 
true di‘sign, it is scaively jiccessary to say tliat there is 
an utter absenet* of design in special details; those 
dttails wliich, when wt'Il worked out iu design, give a 
general graceful lightness and an elegunct* of form 
which wood or timher jiroptTly — that is, artistically 
ov jesthetii'ally - treated is so well calculated to give. 

Practical leiioni to bo derived from the Foregoing. 

have been thus careful to give tin* ]»ariieiilars 
of this example <tf an important wooden or timlier 
const met itm, as it prt'sents a fair sjarimen of what 
our desigiu'rs so called in timher ('onstruction, and 
our workmen do, or nither wholly fail to do. ft d<ws 
not stand alone by any means ; we could cite many 
mort' I'lises of a like eharacter, but we eoulent ourselves 
by meridy further alluding to the timber “ oliiet»s ” 
of a wealthy and energetic pui)lic s<x‘iety, whhdi in 
point of design en hloc and in detail deserves every- 
thing which has been >yihl as to the structure above 
critieist^l. And such examples, too numemiis as they 
are, perform what may be calleil a jwinful minion, for 
seen by thousands they perpetuate as it w^ei'o totally 
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false views of what artistic and sesthetic design should 
be, wlicroas they might, differently treated, do much to 
pi-omote a love or a taste for tho beautiful, and add 
RO many more to the odiieational examples which in 
, other diroclions — as in our museums, markedly that 
noble one at South Kensington, and at our technical 
and art schools — we fortunately have. Wo have also 
drawn attcaition to ilioso examples of how' timber 
sliould not be dealt with, with tho spocinl purpose of 
contnisting llm style of ti*eatment so general in this 
country with that seen on all sides on tlio Continent, 
To this we have already mnde goiioral allusion, to 
which wo may add this special one. In our various 
rambles abroad wo made, amongst other matters of 
]»rofo.ssional interest, this siibjo(;t a special study in 
detail, and looked out thei*eforc ftir every example 
from which we could obtain liintsas to thes artistic, or 
lesthetic trontincnl of tho. material. Nor had wo any 
dilliculty in finding such exampK's; and wo found them, 
as wo have said, not only in plac,cs more or less public, 
and where ilim ‘0 was some incitement to tlu^ <losignor to 
give goo<l work, in view’ of the larger constituency of 
critics he addressed, but also in remote districts and in 
ohscuro jiositions w’h(‘n‘ tluu'e was little chance of public 
approval being im‘t with, so that it w’as simply that love 
for the beautiful, or tlial a^sMa^tic taste which wdll not 
permit ugly w'ork to be done, wdnch must have been the 
ruling motive for the execution of tho work. Not .seldom 
have we come jum’iks some tiny stnielure of a ruilw’ay 
station serving some little luunlet, a mere wooden shod 
in point of accommodation and siz(‘, yidsoti’cated, both 
in the general d(‘sign or plan, as well as in eveiy 
minute detail, that it was a delight to look upon, and 
could not fail to act as a perpetual tcacfher, so to 
say, of what was beautiful in form and outline. The 
same was obsen’able in domestic structures, some of 
which w’ere special exam})les of wliat wore really faiiy 
like dwellings — so light, so graceful, and altogether so 
elegant in their general cflect. And these wore not 
always ambitious struc^tures in point of the internal 
accommodation they atlbrded, the owners of wdiich were 
possessed of much money to lay out in gi’atifying 
tlieir taste. In many instances tluy were mere cot^ 
iages, tiny blocks for peo]>k‘ evidently of small means; 
but yet in all of them there wiis evidence of a love of 
tlie iHMiUiful, some of them being spotaally attractive, 

Beautiful or Pleailng Effect! In the Ornamentation of Wood 
Work obtainable at comparatively Little Extra Ooit to 
that demanded for Plain Work. 

if it be true that a structure in brick or stone may 
be built so that it he pleasing to the eye, for an ex- 
penditure no greater than that which a house positively 
ugly in outline would denmTid ; so also in timber it 
may be held to be true that a pleasing design may 
be had at as little cost as one unpleasing. 
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THE WOEHMAN AS A TEOHNICAI STHDENT^ 

How TO STUDY, AND WhAT TO STUDY. 


CHAPTEB II. 

In the concludiniy paragraphs of the hvst chapter 
we gave a wtatemont of how the word “ art " could 
1)0 explained. To what wo have there iftfiid it will 
1)0 as well if the reader now refers. Meanwhile Ave 
proceed to state that the word further moans that the 
proper and perfect doing of the work is dependent 
upon experience, whether that be of a skill in hand- 
working, or the result of close ohs(?rvation, or of study 
in what is poi)ularly willed head-work. So that a 
definition of art may ho this ; tho dolinj of anything 
with dexterity or skill, just as ploughing or turning 
up and over of tho soil is the doing of the work necjos' 
sary before tlie soil is capable of receiving the seed and 
hearing a resulting crop. And the thoughtfid rend(‘r 
cannot fail to he struck with tlu‘ curious root of a word 
(art) us<h1 every day, in connection with which plough- 
ing is about tlie last thing thought of. The ^‘root** 
furllier Ciln‘i^^s us hack to the times, “ lioary grey vvitli 
eUl,” in wJiich the very first work man was calk'd 
upon to do was the production of food from tho soil — 
wliiclj gave to this work such an irnpoi'tance, as if it 
were tlu' only work oi' art w'orth wiiilo attending 
to. N’or will the thoiightful reader fail to liavo some 
hint conveyed to him, by tlu' lingnisl,ic root of the 
word art, in relation to the manner in svhicl) Undinical 
odiu'ation has to he followwl if it is to he worth any- 
thing at all. On this point, and on the practical 
lessons which it convt\ys, we shall have a good deal 
more to siiy in tlio course of thes<^ [»a])ors. 

'j’lie reader will thus see how we have so far narrowed 
tho term “ ti.'chiiioal education " till it is shown to he 
simply art. And that art for idl plain practical, 
or, as we miglit say, liomoly purposes, is simply doimj 
work, any work, well; and that the “well*’ doing 
depends u])(>n skill or dexterity a<M|uired by ex])orience, 
by observation, or by study. Tliis in tlie of)inion of 
some wouhl sooin to imply ov compel a tciTiblo 
degradatior) of the term or word or thing we call art, 
in connection w'itli which the most exalted ideas are 
held, and the most grandilocpient expressions employed. 
Yet the fact is, beyond all manner of doubt, that art 
is simply the doing of work -in other words, tho 
voiHjdetion of something which has to be donn. And 
nothing is done till it is completed ; an<l completion 
infers— and indeed is — j)erfection of doing, so fur a« 
poor humanity is able to do, anything perfectly. Jt will 
he odd indeed if now the rwxder fails to have a some- 
w'hat fair conception of how all that wo have said 
bears upon technical Oilucation. Tho only fear is that 
he will carry with it that to which we have just 
alluded — namely, that there is some notion of degr^a- 
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tion so far tis art is concerned. But if he will think 
it out, tliere is no such thing ; on the contrary, all 
work to bo done — just in so far as it is useful to 
society — is noble and elevating. It is only work 
which should not be done, which is useful neither to 
onest'lf nor to society, which is dogiuding. 

Further Fraotioal Ooniiderationi oonnaoted with the Term 
already explained. 

It may seem a somewhat strange thing, ihereforo, 
when we say by way of illustration that the simplest 
work is an art. To dig is an art. Should any one 
doubt the accuracy of this claim for so huinblo, so 
simple a work as this of turning over tlie soil, let him 
go into a garden or a held and elosi'ly watch several 
men at work digging. The non-ohservaiit, unthinking, 
would at once decide iliat tin's work was, at all (‘Vents, 
“ purely meebanical, not much mind in it surely — any 
fool could do that,” The observant would, on tla^ (con- 
trary, soon p(‘reeive that although all wt're doing the 
same thing, and all appai'ently doing it in the same 
way, there was a de(‘ided difVeri'iuio in tlu< style inid 
(piality of the work <lone. Tho same tiling would 710I 
be done by all. No doubt an ordinaiy mind would 
decide that they were all doing, a.nd what tliey were 
doing was digging. But if it lai true --and j liis no one 
would v(.'niiir(‘ to dispute— that work is only doit/) wlien 
it is comph'tiHl, and that (‘onipletion in the ahsolul(‘ly 
CHirreet s(ms(^ is di‘pondent npon th(^ work being done 
well, some of the worluM’S in our sup}iosed ease would 
not bo digging in the trm^ sense of the term, To 0110 
wlio kimw what good, that is, true digging, is, tluu'i* 
could ]»e no doubt that some were doing “bad” work 
not worth paying for, and to whom it <*ould he said 
— as is often in similar eai i's in daily life said “ J 
w'oiild rather tliat you would (MNi.se working, if you 
can give no Ixstter wau-k than tliat.” <.)thers of our 
imaginary diggm's would, on tho contrary, give work 
whmh, oven to a not v(‘ry (juiek (y(», could at oiuie 
bo seen to be (piite difleiNait from .some of the other 
work, which one w’ould almost intuitively know from 
tho very lor )k of it -heing shipshape or workmanlike 
— to be “ good ” work. And even in the (dass of 
good work tlu're would be a grariation in n.'sult— ■ 
some being bett(.‘r than others — while to tluf work 
of some one could without lu^sitation apply tlM» term 
“iMJSt.” Here, ho far from our iniagiiiuj-y gang of 
diggoi-s doing all tho same thing, we find that tliey 
are in fact doing very different tilings; at least, if 
it might be said that they were all digging, tlu'y 
certainly were digging in diflerent styh^s and giving 
very difTerent iwnlts. Nor would it ho found that 
— although doing, as was said, all the same thing 
— they were doing it in the sanio way, It wouhl 
not, indeed, taki^ much o})servati()T) to jKjrccivo tliat 
some would do their work, such as it was, in suclt 
a manner as to demand great physical exertion, 
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larding the le 3 an earth " an they ting along ; while 
othcjfH wouM work with sntdi ea.so that, compared with 
the other«, their work would »ooin more like play 
than anything oIko. And ono thing might be said to 
be the fact- that, as a rule, those who worked with 
the grtjatoHt ease to thomsolves would give the host 
work ; and if iiK^uiry wertJ closely pushed, it would 
also be found that those who did the best work had 
aequii'od skill, dexltirity, and eonsetpuint ease, by 
patient thinking out of what their woi‘k leally was, 
and no less patient pTucti(‘,e in tloing it can'fully, 
till what was to tlaun a dillieuliy at first became an 
easy thixig ultimately. 

OompleteaGBB or ThoroaghnBBB in the Doing of any Work, the 
following out of any ** Art,” eeBential to Suooeii. 

We have purposely devoted some space to the con- 
siderations in tii(‘ jHWaling paragni])h, as they involve 
iniitd» that is of vital inqKulaneo the matter of 
technical ediKiaJ ion. Tlu^y Injar tdosoly n])on the prac' 
tical oiitconie of tlie (hstinitiori of the t(U'm technical 
e<lucal i()n we have arrived at from a tracing out of the 
meaning (»f tlaii ta’in iechni(?al, which, as we have seen, 
embraces more than one point. Whatever objection 
may be made to our definition of Itudiuit^al (^duciition 
— namely, thati it is simply the doing of a par* 
ticnlar (dass of man's woi-k well" or llioj’oughly — 
it will he admitt-Oil tJait it at least possesses lliis 
advantage, that it is simple and t^asily und(»rstood 
by a, 11 ; while it may reasonably be claimed for it 
that it is really corn'ct. Foi‘, no matt.er how high 
any giv(*T» work may he in the scale of art, no one 
can deny tliat tlie act of doing it involves work, 
lahoui*, or elVort of some kind. But wo venture to go 
further, and maintain that tliis d<‘iinition — simple and 
accurate as we hold it is — carries with it principles 
or a ])rinci]de of the very hight‘st primlieal im]>orta!ice 
to tiu' woi'kinaii, be he one who is engaged in wlmt 
may he tlu' very huinhh‘st of haiulicrafl work, or in 
earrying out what may l)e the liigh(‘.st developimmts 
of thought, skill, and dexterity. Tliis princijde is 
thoroughness ov eoinpletion. What we hava^ written 
will have been givtuj in vain if even a sojnewhat 
careless reader has not i>orceive(l that the very germ 
of any art " — and we have svaui how wide the scope 
of art truly dofineil is — the foundation on which it 
rests, is “ com jdet (mess." No work, as wo liavo 
shown, can ho wiid to he in llu* truest, the practical 
sense of the term, done till this completeness is 
etlkf ed. If wo go to natun> for our lessons — and let 
some men (they are not, fortunately, many) say what 
they will to the t^ontmry, she is our best, most sug- 
gestive, and i>atient teacher — w-e shall find that slie does 
nothing in a half To use the common expi'ession, 
everything she does or makes is “rounded off" — that 
is, fiuisluHl — nothing is wanting. And this is seen in 
her simplest, as in her most complicated productiona. 


And let it ho ohsei'ved here, as w’orthy of special regard, 
tliat this completion carries witli it the essential 
features of true dignity of purpose. There is nothing 
moan about the works of naturo. One never associ- 
ates what we call shabhiness with any of her works, 
KaeJi one api>etils with direct forca; to the conscience, 
as it were, of the Ix'holder, in such a way that there 
is no thought of proti'st ; the object carrying with it 
such a conviction of truth as work well done can only 
Hcxmre. And liow Idiose appeals are — while powerfully 
made — not seldom made with a tenderness and a 
depill of fooling, let the close students and lovers of 
nature wiy, as they best of all can wiy. Now, this 
c(^lnpll^tcnoss involves thoroughness. This we find 
©xomplifieil even in common speech, for do wo not 
on examining good, tlu! best w’ork -- especia lly on com- 
paring it wiili otber — say almost involuntarily, “ Ah ! 
now ihfd work is ‘ thoroughly ’ W(dl ilone." Tin* two 
attributes are, in fjict, synonymous, or the one in- 
volves the other ; for you cannot have conij)lete work 
without thoroughness ; thoi'oughness ■ or, to use the 
phrase tautological, yet graphic?, of a practical man, 
“ thorough thoroughness " — gives com]>letion, or, as 
we otherwise? say, “ finish " to all work, 

Th« Definition or Meaning of the Term involveethe 

Idea or Principle of Thoroughneii in the following up of 
any of ite DepartmentB. 

The veu'v moaning of lli(‘ term involves or 

Carries with it tins perfect conception of tliorouglmess. 
This is shown \vh(?u we go below the surface, so to 
say, of the word itself. Now^ “ art," tlie full or 
extended meaning of which we have shown to )>e 
simply expressed in one word, “ work,” ih — as wo 
have alnsudy hinted at — derived from or basoil upon 
the r^itin root ar, to plough. Ilifiieo the term 
“arable" land that is, ploughed land. Now, let 
the render \Nho has not given juucli tliought to what 
is invulvcil in the moaning of words, and of how 
much that is of the higliest practical value in daily 
life can be “ dug " out from them, corisider wbat (Jtia 
di‘rivativo means. What ia meant by ]doughing? 
Well, we confess that it is possible for some readers 
to have had little expericiicjo of country life. Not 
(piito so ignorant of its work, we should hope, as 
a v< ry clevc]* artisan, wdio asked tin? writer of these 
lines, who was taking the really cloviu- fellow round 
his gfirden, “ What are those tine gj-een plants with 
such pretty white flo^vers 1 " The honest fellow, no 
doubt, hud eaten in his day pecks of the pro<Uu'e of 
them, for the plants he knew not wore green peas, 
in all the lovelineSsS of their blowing stage— and only 
a lover of nature can say /ton' lovely they aro. Not 
quite so ignorant of country life ns this may some 
of our readers be, yet they may know so little of 
country work as not to know in what ploughing 
really consists. 
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THE TECEHIOAL POINTS CONNECTED WITH 
THE EMPLOYMENT OP POEM AND 
COLOUR IN INDUSTRIAL DECORATION. 

CHAPTER TT. 

At ilw (’oiichiaion of tho first chapter, as illiiKtriiting 
the point that true decoration does not iiiteiicro with 
the nature or utility of form, we cited the case of ii 
VH)iit, and after drawing attention to certain points of 
tlii?, wc stilted that none of its useful attributes must 
be clone away or iiitorfercid with. While, therefore, wo 
must not t»neuml)er its surfacai with forms wliich, liovv- 
ever beautiful iri thoiuselves, would still be (‘X(n*escences, 
so that its speed be intorforod witli, we must not pica-oo 
its sides with apertures, however graceful in outline 
they may be, through whitdi the lieree ivaves (*ould 
pass to endanger its safety. Now, however jibsnrd 
such illustnition as this last may, hy some of our art 
student readers be considered, this muoh we may 
safely say in its favoui- : that it is n<H more absurd 
tlniii illustral ioiis tiikcTi from objects daily man ufao- 
tured and sold to a placid public* as articles of art 
manufiictuj'e of high value as artistic ]M‘odu('tions. If 
the rcuider will but think of and draw njion the stores 
of bis observatifm, he will ]\av(! no diiluailty in bring- 
ing up the Tccollocition of objects of art manufactui*e 
so called, winch will am[)ly justify our illustration as 
being as absurdly dcciorated in relation to tludr uses, 
as a boat iiould bo with its sides pim’ced with orna- 
mental aperturos. 

The Prinoiplei of Sxtrfaee or Flat Decoration Outline 

and Colour. 

lla.ving thus directetl tlie attention of the art 
student to the great principle whicli should domina-le 
all his work in the direction of th(^ form of solid 
bodies, or in the round " as the technical t<M*m is, 
w-e now take up in like brief manner the subject/ of 
tho dticoration of Flat Sarfacas, 'J'his is, of necessity, 
one whicli lias a very wide range of objects. It 
embraces the decoration of w’alls, or of Llic paper 
pasted on tliem, wbi(!h modern t.'isto seeTus so uni- 
versally to doiiiand ; it includes the vbole range 
of textile fabricjs, such as the carpets w(^ co\’er the 
doors of our dwelling-houses with, and this with not 
always a strict obsta-vance of .sanitaiy laws, and the 
numerous fabiics used in the clothing of our ixsrsons 
-tlie calicoes, the woollen goods, the silks and the 
velvets, as also the laces, which, if tliey <lo jiot always 
adorn the forms of beauty, serve, as cynics sjiy, to 
minister to the love of display and fostcT vanity. So 
far, then, as to the scope of the subject, 

The art student must at this st»igc lake note tliat 
a very impoi’tiiiit p<jint enters into the discussion of 
this subject of art treated ns flat surfaces. Hitherto 
we have had only to consider the subject of form or 
outline. So also in the department under notice form 


or outline is to Im* taken notice of j but aiiollier 
element comes also into existence as inilumicing the 
practice of decoration of llat surfaces — namely, colour. 
The subject, then, divides itself into two depart- 
ments of treatment- — lirst, the outlines giving the 
form, sliajm or configuration of tlie tint surfaces, and 
second, the (iolour with wliicli those surfaces are 
decorat-t*d or tilled in. 'I’lie stmhait will of course 
understand that there art* some subjotiis or dt'sign.s 
which arc in pure outline only — that is, upon tint, siir* 
faces — wliich designs are jiot. eolourod ; just- as thei ‘0 
aro some designs wliicli art* coloured, ami it is to these 
last that the prindple above indicnti'd is ajiplieable. 
But proeoiling the notes on eolou,ri‘d form, tlie illus- 
tration of the points connected wilh pan* outline cr 
flat surfiu,‘(‘s only will first engage our attention. 

Of Furtt Ontline or Form.— Prinoiplei of Decoration. 
Here the priiicijih* to bo borne in mind may Im* 
stated thus. Jn a piece of well coiicerted music the 

I 



notes must, so to say, flow' into each oilier, so flmf no 
jarring discord be created — in otluT words, tlaw iimst 
himrionise. Ho in forming any outline or ronflgiira- 
tion— or pattern,” to use the popular |»li]'ase -t he 
lines making this up must flow into each otbei' in 
such a way that, to employ tim oxpr<'ssion aJtove usimI, 
they must “ harmonise.” W'liat wo im'an hero liy 
linos harmonif'ing will host b(f explained by the follow- 
ing: Lines must flow into one another, so that wdum 
they meet, the junction of the two must not produce 
any harsh lines, such as a bend or knee or |)roj(fctirig 
pirt, as in fig. 2. This is further illustrated hy tlie 
ornament called the “ Greek honeysuckle,” or a'/<//^/?//iyVm, 
in fig. 3. Tliis, tho lower portion (a), w«^ call iho 
husk, and from this all tho lines spring, oa(*h one of 
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wliicli ilowrt into the husk in such a way that it would 
not if produced or len^ythciieci either cut into the body 
of Uio liusk, or proceed to the centre. Wlien properly 
drewTi it is cojnpelled, ho to Hay, to How into the 
liusk. j M li|(. 4 we give an il lustration of the Assyrian 
anthemio'H, or honeyituckle. In tho Greek form of 
this ornament the leaves or lobes are not uniforni, 
bni. vary up in some instances to as high as fifteen, 
dt.^id(^<l apparently by Uio cajirico or will of 
tli(^ designer ; bat in this tliu sjune principle of 
djiiw'ing the Unes is carried out, so far as the orna- 



ment itself is cDnsidcrod, or i-ather its details. In 
the Assyrian mitheinion tho niunber of lobes or 
leave'; is always seven -throe on each side of tin* 
('Ciitnil lobe h — wliile the three lobes cc are joined 



rig. ■!. 

as in the sketch tig. 4, not so]iarated, as at h h in fig. 3. 
Tlie IoIm's also in springing rise from a disc o, ami not 
from a husk, as at an in tig. 3. And each lobe is cut 
up or ornamented by the lines shown, whicli is called 
the water- mark. In fig. 5 we give another form of 
the (irt»ek anthcniion or honeysuckle ornament. In 
this tlie lobes a a do not spring from a husk, as at a a 
in tig. 3, but from ft />, the central point, c, between 
which terminates with a i>oiiit ns that of a leaf. 
The student must take special note of the principle 
here involved, inasmuch as it applies to the whole 
work of ornamental drawing of outline subjects. 


What is here true of the simple subject, as illus^ 
trated, is equally true of all subjects, however com- 
plicated. This imiwrtant principle the student will 
find exemplitied in any ornamental drawing correctly 
done he pleiiscs to examine, but for the younger of 
our imders we have illiistraied it by tlio foregoing 
sketch, fig. 3. A more detailed drawing of this will 
be found in its pnqxsr pltwie in the com])anion series 
of papers entitled “ Tho Ornamental Dmughtsman.” 
In the simple sketch given in tig. 2 the young 
Htudent see liow, if lines were incorrectly 

drawn, in phuje of liowing into the main line they 
might slioot off if produced or lengthened in some 
direction at any point, as shown, say at the dotted 
line a in the sketch. If he will also look amongst 
the subjects illu.sti*ating Tho Ornamental Draughts- 
man ” for that study in which the Greek scroll is 
first given, he will find this importance of hannony 
of lines further and most conclusively illuHtrated. 
Fiirtlier illustrations and hints as to wJiat is the 
technictal part of ornamentiil drawing, or the manipu- 
lative execution, tho pupil will find in the letfei'press 
desca*i])tive of the iilales and figures given in the 
paper entitled “ The Ornamental .Drauglitsmnn." 8o 



al.so ho will find in succeeding chapters of the present 
pij>er illusti-ations showing the application of tlie 
general princi])les of design to what is called manu- 
facturing or industrial art, and furtlier dijscription 
of tho points now in this chapter enforx'cd. 

Colour iu Becoration. Importance of the Subject. 

In the preceding paragraphs we have diret*ted the 
attention of the reader to varioua pointft eonnetrlcd with 
the application of foi'in to the decoration of various 
ohjei'ts. We have 5 Tt much to say on these points, hut 
our remarks will come in more appropriately when 
we take up their practical application to various 
depirtments of decomtivo work, such as paper hang- 
ings, textile fabrics, as ribbons and printed calicoes 
and furniture stuffs, etc., etc. Meanwhile we have, 
as introductoiy to those subjectfl, and also as illus- 
trative of various points of importance iti itself, 
now to take up the subject of ** colour.*' 
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TEE TECHEICAL STUEEITrS IKTEOEVCTION 
TO THE OEHEEAL FBIKOIFLES OF 
KECEAEICS. 

Laws akpectiko Natobal 1‘henoukna— Matteb and 
Motion. 


CHAPTER III, 

General Statement ai to the Propoied Mode of Treatment of 
the General Subject of the Present Paper. 

An'D here, before proeooding to oav remarks 
on the leading subjocts of our papers, a few words 
we deem necessary as to the method in whic.h 
tlmy are arranged, nnd of the principle on which that 
aiT/ingexnent is for the most part luisc^d, That 
principle may be la-iofly described as taking up the 
sulijects in wliat we consider to bo their natural 
s<M|uence. For exam])Ie, there are eortaiu tca-ms w’hicdi 
are met with in nearly every mechanical description, 
which ai‘e concerned with and named repeatedly in 
tl\e enunciation of tsvery mochanieal law, and which 
terms indicate without whicli no arrangement 
of nieclianical parts or combinations can be made to do 
mechanical work. 'Pheso terms we tak«J as the starting 
))oint of onr disijuisitions on the natural la ws on wliich 
all mechanism is dependent, and whieh give existence 
to, modify and control the (condition of all the 
materials whi<*h are us<al in tla* (Hmstruction of 
maebines, and of all the substances with whieb 
machimay in imlustrial work has to deal. And as 
we proceed to describe wbat those ti'rms a.ro which 
are used in connection with iru?cliani<‘iil dt.wices or eon- 
struetioiis eoniie(^ttjd with tliein, we shall find that other 
terms indicating otlna* natural laws and conditions 
flow, so to say, naturally and <;oiise(juentially out of 
them. These in turn we shall take up and eonsidci’, 
and those in turn will have otlua' laws and ouTulitions 
which in liki^ manner i)rocecd from or flow out of tJiein 
coming up also for consideration; we shall finis by 
an exhaustive process take up and deal with all the 
points connected with the natui'al i)heiiornena affecting 
or rather underlying all the work with which th(» 
practi(!al inetihanic has to deal. 

Further Ooneideratioui of a Praetioal Character oouueoted with 
the Propoied Mode of treating the General Subject. 

And here, as tfxplanfitojy in some degree of the way in 
which we shall carry this arrangement of subjects out, 
and for other reasons whi<?li shall presently be obvious, 
wx‘ deem it necessary to allude to what may bo ealled 
a special (diaracteristic of the pi'esent times -namely, 
a tendency which seems to our mind unfortunately 
a p’owing one, to discuss aixl (jonsider mechanical 
subjects or laws which deal obviously and alone with 
material, or as tljey may be called media tiiwil points, 
in an abstract way, vvliich is almost if not wholly 
metaphysical. VV"e ai^e of course fur from maintaining 
— which to maintain would be simply absurd — that 


mechanical laws and considerations do not involv^e 
points which are intellectual, ami being so, must to a 
certain extent involve those connected with meta- 
physics or tlm science of mind, otherwise and often 
termed mental philosophy/’ It isscareely neee.ssary 
to say that on tlie contrary we hold, what is in fact 
inconti'oviu'tiblc, that tlie study of mechanics ami the 
laws which I'l'gulate its practical work, involves and 
demands tlie excivisi^ of the highest intollectiml or 
mental powiu'S. But wba,t wc particularly refer to in 
the abovo statement as to tiic prosent tendem^v of 
distnission of mechanical subj(>cts is tlie apjdication to 
it of that bra.nch of intellectual ti'aining which is best 
known by the name we have ap])liod to it — “ meta- 
pliysical.” Now, without in any way detmoting from 
the value of nieiapliysh'al ilistpiisitions, or, as we may 
put it, logical argnimmtations, we may in all modesty 
iledaro that in tlie applii'ation of this method to the 
discovery of mechanical laws, and subjects dependent 
ui>(>n those, a danger is likely to /irise of gnsat practical 
mouuait to stiuUmts, and of tliose especialJy the 
youthful. 

Danger arlilng to the Student of Meohanioi from looiely 
indulging in Oonjeotnre or Hypotheiii ai to certain 
Natural Phenomena. 

What this danger is vve shall presently very brielly 
allude to, more special illustration of it being met 
with in smjtHjeding paragraphs, Without atUaujiting to 
hi) very precise in our di^linition of the characteristics 
of the jm.!ta])liysic,al mctlmd of disc.ussing subjects, we 
may with some safety dc<i<lo that Metapliysics 
(considered as a sciemn^ lias a« a rule to do with 
“n-bstraet” tlionghij -Mechanicjs as a soiem*e with 
** concrete" considerations. Tlieso terms liere pliuHsI 
in inverttxl commas may bo explained in a way ipiite 
practical enoiigli for our jiresont purposes when we 
say that Metaphysics may bt^ said as a rule to deal 
with conjectures or hypotheses — Mechanics with bi-cts, 
Engineering, which is but a more com])rehensiM^ term 
for the last named scienct^, has bixui, and as w(* iliink, 
as truly as aptly, termed tlie sciemre of <»bst-r\'a- 
iion.'* Now, in the truly pirnttiiv'd sense W(' esn only 
observe fimts -that is, the (romlition in which things 
jmlually exist around us, and whicli we can make 
available in one way (>?• anotlufr, and adapt to the wo?’k- 
ing purposes of daily life, And it is ujxin 1 lie facts 
whicjh a long mecession of generations of mtfclianics 
have obs(U'ved that the iraignificaait structure, so to 
call it, of mechanical and laigineering work wc seo 
everywhere aj-ouml us is }>ased and has been rvai’ed. 
Now',- the da Tiger whicli we fear is likely to arise -"has, 
indeed, arisen in the experience of moretlian (me youth- 
ful student (jf mcxdianies — ivom the ternhaicy to discuss 
and decide mecluinicyil subjec.ts metapliysically, that is, 
by the aid of iwHurnptions and conjectiii’es, or to use tlie 
more learned term hypotheses, is cieated in this way 
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Jt is rtdmittod on all sides— vvliat indeed could not, with 
any s}if)\v of rca,son, be denied, liowovur pleasing to th© 
vjuill y of man if it could lie denied — -that there are in 
conneetion witli a pretty wide variety of what we 
call s<;ionlilic Kubjw^ts, some things of which wo know 
nothing, that is, we cannot say what tlioy are. Some 
of thes<,* tliing.s laivo been already named, so it is nob 
nect'ssarN' I'artlier to alliult^ to them. Ihit if wc do not 
al)solnt<*iy know what tlios(i things are, we imiy however 
(ton j( ‘(dure, in other words giujss, at this. No one could 
for a moment disjmie the right of any other to say what 
h>t thinks such and sucl» things are. JJnt wliat is the 
right of omj is clearly ilie right of all. Heru't} w-o may 
ha\ (s in coiincu^tion wdtli but one natural phenoimMum 
oi' class of plienomena,, not one bnt several kinds of 
conjiH’.turcs, or a gimt number of gmjssos, or wdiat may 
be called tlieori<'s, In sncdi <‘ms(js tberight or the learned 
word t.o iis(' is hypothesis,” and this meums pratdically 
a gu(‘ss. .It- is dt'i'iveil from lh(( Creek hnpofhasu, 
which nu'ans a thing “ pla.c(Ml under in other words 
:i supposition, this word its(>lf being (ha-ivcjd from two 
ijiitin woi’ds, under, and to ]dace. If we 

b:i\ (', lor (‘NMiiiph', a bo<ly before us, w(‘ can see it, 
handle il,aud possibly, if not ioo lujavy,' inov(‘ it: the 
l»ody itself is what, vvec’all a fact, about wliiidi iioonedis^ 
plU(‘s so far a-s If. iscoiu5(‘nied. Ti- is tbor(5, and tluTc it 
ve.muitis to stare us in tlui fai'O, ass(*ri ing its(‘lf the fact 
that, it (‘xists. Ihit if, Tiot content with this, wcdirsiro 
to know what it U what it is ah.soUitely and truly 
com}>ose<l of, and Wi^ ilml on oxaiuination tliat there is 
sueh a pc'eullai ity nhout it, that wdiile one says it is com- 
posed or »nnd(‘ up of oiu' thing, aiiollH.'r says another, 
and so on, we would scaively blanio oiu' wdio came 
foi’wai'd and said ‘Von kaatu absolutely nothing 

about it, and if you >vei*e awai’C of the hu^t that 

generat ion aftoi* g(‘iieration of niori had passcnl aw^iy 
all of whom had Ium**!! trying to tind out what the 
body was composc'd of, but could not-, you would 
not lo surprised to be told that you not only do 
not know now, but xany ]>robably novta- will know.* 
!No\v, all that- has biuai said about this supposi'd 
body, as to wlmt it is or is composed of, are called 
“ by fiot host's,” su})}K)sitioiis, or giios.scs ; and tho Bamo 
hoKls or may liold true of xvhat can bo done with the 
body or bow it oaTi be list'd, si»cn, handled or movt'd. 
Take the moving of tho body, for example — which is 
done say Ity the hands pressing on it, by exerting what 
we call tlu‘ power or force of tho arm. One finds tlnit 
be can im»vt‘ it, and this power we in like nmnnerhavo 
agreed to call by tli«' name of foivc, and in tliis insttince 
the muscular force or the power of tht' body. Wlw 
these names are given wc shall see pre.sontly. But 
when int'u la^gin, just as we sup]Kise they did when 
trying to tell what tht' hotly was, of which they know 
notliing — to try to tell what this something they agree 
to call “ force” is, wo tind that one stiys it is this or 


caused by this, another that and caused by that. 
And so Olio may como forward and say, as before ‘ Vou 
kfiow nothing about it in reality, any more than you 
know about lift^ w'hat U ift, and are not likely over to 
know.* 

.But while it is not given to man to know certain 
tilings about bodies or substances (and it is those with 
whieh the mechanic has to deal), enough is given him 
to know about thorn, ihoii' properties, and what they 
do, or, as engineers say, lioxv they behave ” under 
certain circumstaiieos in xvhich man places thtan : in 
other words, all the phenomena or facts concerning 
tliem. Now, do not let the youthful reader sup]) 0 .se 
that we depn.‘cate tho attempt to explain what those 
snb.'^iances really are, we moan in ibis their ultimate 
or (inal caust*, or what those iiitlnencos really arc -‘to 
wdiitih we have given (^‘rtain names — which bring 
al)out or cause certain ollects, wliitdi wt'call |»lienomona. 
Jt is not merely a legitimate exercise, hut it is a 
)»en(di(tial exercise for the mind, to make suppositions, 
form conjectures, or frame hypotheses, or what art* 
called “theories,” to account for all those phenomena 
about the circumstances of bodies or substances ; nay, 
more, h}'pothcs(\s or theories have a po.sitivoly u.sefnl 
place. All tliat wo now contend for is, that in things 
and upon points which every one admits we knoxv noth- 
ing absoluttHy certain of, and tla'vt^forc only tjonjocture 
or gut^ss about, we sladl not insist upon a? 0 ‘, or any one's 
conjcctun^ wo may esponst^ or support, being correct, 
and that simply bt^t^aust^ wo ourselves beliove in them, 
wo expect that, others sliall do so also. But we would 
go further, and say that as wo have, fortunately for 
tho progress of man, faatfi enough about bodies and 
substances which we do positively know, for we have 
tho evidences of our senses in })roof of theii* oxisttmee 
in a very marked, and not seldom in a painful way, 
— it is the wisest thing to do to frame hypolheses or 
propound theories xvliich lit in so well with facts 
that the common sense of nearly ox’Cry one tells 
them that tlu're is nothing incongruous or conti’a- 
diciory bt'twoen them. And further, that no demand 
is inadt' by the theories upon the niiutl to believe in 
and unclei’stautl things which, from tlieir very nature, 
and indeed from the very words tmd terms used to 
describe or explain them, common sense as a rule tells 
us are in reality bt'vond the comprehension of most 
minds, simply because this same common sense tells 
us that we cannot })Ositivcly be certain of tlu'ir exist- 
eneo. Now, tho veiy diversity of opinion to which 
we have alluded is shown in many of w’hat are 
called theories of mechanics, and in this very dix orsity 
lies the proof that men knoxv nothing absolutely of 
^Yhat the thtH)i‘ies are based upon. Men do not tlLspute 
about wlmt every one is agreed about : txvo and two 
eveiy one know’s to be equal to four, and as all believe 
ill this no one di.sputes it. 
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THE BOAT AND SEIF BUILDEB. 

OUTLir^ES OP THE PRINCiriKS AND PRACTICE OP HIS 
Art. 

CHAPTER I. 

Introduotoiy. 

From tho title to this iserios of papers a« above 
given the imtler will perceive that the scope an<l 
scheme of tho subject is comparatively Hmite<b And 
this we dosii’e to draw attention to at tho outset. For 
if more tlian an ‘'outline” of the i)rinta[)los and the 
practice of the art of tho boat and the ship builder 
were attempted, wo should be committed to a much 
w'ider subject, <ieinanding a fai* more oxt.cnded spacio, 
than eitlua* tho character and aims of the TiiCfiNicAn 
•lontXAL or the space at command will admit of. Nor 
ne(‘d this be ruattor of surprise when the exceedingly 
wide range of subjects to be noticed, 1 he importance 
and complicated nature of tijieir prineiplcfs, and the 
number, the almost endless eluiraott'r and diversity 
of details of actual VNorking practice, are con- 
sidered. When tlu5 fmtt is here alluded to, which to 
IhoM' iiccpiainted with tho subject is familiar oiaaigh, 
that even a moderately complete, but fir indeed from 
a thoroughly exhaustive, trisMtiiient of the art and tho 
sci(‘n(U' of boat and ship building diuiiands a volume 
of no small hulk, and that })ondevous cpmrtos and 
portentous-looking folios have lu‘on written upon 
iliem, tlu: i*eador will at once conclude that, however 
great tlic anxiety of the writer of the present series 
to presiail liiin with a full and moderately exhaustive 
treatise on a subject so wide, tho very natuns of the 
pi'OseriL woi'k ])recliided all chance of his being able 
1,0 realise* Jus wishes, and that, thertdbre, lu? wa,s, how- 
ever rogri.'l fully, compelled to limit liis ]mpers to an 
outliiu* ojdy of the principles and practice of the 
art. lJut on looking at all tho circumstances, alike 
thost,' connected with the special character of the 
Tkouxical dot fin at. and those of the ))ulk of its readers, 
it is not r^o much a matter of regret that the present 
series of papers wdll only })e this “ outline.” For it is 
to )>e remembered that to a large extent tho Journal 
is designt*d to la? a help to ).»egiriners in the study 
of tho subjei'ts wliich will occupy its pages; those 
subjects bc'ing expressly introductory to many who 
have not previously been acquainted witli them, or if 
tlu.w wei-c, possessed onJyilie most meagx'e and limited 
of information. The various papers are designed to 
largely educational, although much will be given in 
them, if only in the way of liints and suggestions, 
valuable to those having a wider, if not a thorough 
knowledge of tlie subjects, and w’ho may also be 
engage<l in their practical work. Nor must this ftict 
Ikj overlooked ; that w’hile claiming for our paper the 
character, and with it the api)arently limited nature of 
“ outlines,” those outlines w'ill bo found, it is reasonably 


hoped, very full and complete, considered as such. They 
will ^in reality comprise a fund of information as to 
the princij)l«s, and embi’aco a variety of details in the 
practice, of tlie art of boiit and shij) building, that to 
any render carefully studying them this pT-omiso may 
be safely made, without much fea-r that it wdll not bo 
realised — that he will possess more i])Jin a more geneiul 
knowledge of the art ; in reality a. very fair conception 
of wiiat its pi'actico is, and how he can a[)ply it u.so- 
fully. 

Some OonilderatioAi of Teohnical Value oonneoted with In- 
yentioni of the Boat and Ship ae a meani of Conveyance 
from Place to Place. 

Tliere are few branches of tho work of man in which 
wiia-t are called mochaiiical principles are involved, 
wiiicli wiion traced b.ick to their origin do riot^ allord 
much tliat is interesting, and (what is of moro con- 
s<M]uonco to tlic rtsader) tliat is nsofully 

snggesti\'o. It is not always, in truth hut very seldoiri, 
that wo are able so to I’otraco the successive stejjs wiiich 
man — gi'neration succeeding gcmeiution ■— took in 2>ei'- 
feeling anyone brunch of jnsiminifold work, till w’oat 
last arrive at the first advance wliich was made, and 
tlu‘ dominating idea, or coneejitionof tho work, ami how 
the leading eliaracterislics of the mode in which it 
was liki^ly best io bo o(ieci(‘d W)is oblaiued. Home of 
the most essential contrivances in t he doing of mechani- 
cal w'ork, such as the crank ; soim^ of tho most uwd’ul 
of our imluslrial ma, chines, such as the potl(U'’s wheel, 
have their invention or origin so shrouded in the mists 
of bygone ycai*s, that all wo can say we know of tliom 
is that wo know nothing. Lot us go btick as far as 
we can, io tlio times in w hich facts and (Mrcumslatices 
wore rocurdorl in one or other of tho forms of hiero- 
gly 2 >hi,cs, sculpture, or in tho more evam (scent wvitton 
words ; vve find that certain moclianical contrivances 
w'ore then in daily uso or so treated as well known 
things, that of them tho expression so oft, on used is 
almost literally ti’ue — that they have bo(;n known for, 
have exi.sted from, Lhne immemorial. Ami in tliis con- 
noctiou it is woi thy of all careful notice by tlie young 
rwler, as if only he endeavour to tliink it out, it is 
suggestive to him of much that will he of vabio to 
him in the conduct of his working life, that wo know 
nothing of tho origin or what may be called tho inven- 
tion of even such siriiplo meclianical contrivances as tho 
nail, the screw, the carriago-whoel — walh which man 
has }»oen so long familiar that tlicir value is thought 
nothing of, although that i.s simply priceless. Even 
granting tho me#iiis of j)ermanently rocoiding the time 
when such simple contrivances wore first thought of, 
and the man or men with whom they originated, or 
the period at which, Ijy successive steps, more com- 
plicated contrivances were brought to such a condition 
of compamtive jierfoction that they could be u.scd with 
certainty and efiective purpose, the truth would seem 
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to be that tho.He who in the case of a single, and what teaches us, the truth seems wther to be that, 

we in the long acquired security of its possession call even in the case of simple contrivances which some 

simple and deem not even worthy of a parsing thought, one has called “units of invention,*' it took a long 

or the sucmssion of men who brought more oompUc^ited series of trials, extending over many years, to 

contrivances to useful perfection, thought very little bring them to the condition in which we now find 
indeed of what tJiey had done. So little that probably thorn, Thus, take the ca^e of a o.irriage-wheel or that 
they never named their work even to their neighbour, of a common bariow. Simple as this appeai-s to be, it 

but simply allowed a knowledge of it to he spread fibrOiid is the conclusion of one of our highest mechanical 
in the ordinary natural way of others observing it, authorities tiiat it took generations before it was 
and adopting it, simply because they saw what was finally elaborated. That this was likely, the young 
of use to another could bo useful to them, The first reader may conceive if be attempts to trace the steps 
inventors and improvers probably tliought no further by which the wheel was brought into existence. From 
of what they had succeeded in doing than that it the time when - -and for long it^ would be so in 
faediitated their own work and rondored labour not the earlier stj, iges of man's existence he would 
only lighter, hut possible, which heforehiid been dilficult laboriously drag, say the trunk of some prostrate tree, 
to Lm done, or not likely to bo done at all. We find fwm where it had fallen to some spot where he 
the sanw thing existing now amongst ns, and evidences wished to make use of it (see the papers under 
not a few arc to be found in jiivof of it, that most hige^ the head of *‘The Carpenter in this Journal), by 
nioiis, most usernJ iuoclianicaJ con tr;vancos have been, to sheer force of his muscular strength or that of his own 
nsoal'«iiiili«0'<^vpr(^ssioii, wneartljc-xl bysonio one acciden- an<l of others coinl)inod,^it might be by design or 
tally bocomiug aware of tlicir ftvistoiice ; and tJjo s/uno some fortuitous tJiouglit tluit ho would gain some- 

can he said oi’ dis(,'uvej'ios in conut^citiori witJi soma in- thing by it in the way of making his woi'k and that 

dustriuJ or (dauiiicaJ prowissos. Tlioir in\-cntors or dis- of his neighbours more easy of aocom])lisJimorit, that 
i^oveiwH Jiavc in reality in sucdi cases thought little of he ifiaced under the huge and heavy tree trunk the 
them, tlndr (diior<‘on(!i‘rn in the matter, as indeed their boles or branches of trees of comparatively small 
only saiisfa(‘tion, b(‘ing that tliey were useful to thorn diameter. Hut it is mucdi more probable that 

in their own particular labour ; mid drfuuruul but little those got placed by accident. Anyhow, it would be 

of tlie fact tliat if only known they might 1)0 usoful to found that, so placed, the heavy tree could bo dragged 

thousmjils of others in tlieir work. Inventors and over ibe ground with greater ease than before, when 
discovorors nowadays ha , n o, it is true, the reputation, there was no smaller trunk tir branch or bi’iinches 
not by any means charitably accorded them, of hidng below it. The i(h^a, then, of the “roller” would for the 

vain and over-sanguine a.s to the wonders win’ch first time be obtaintMi— a simple enough contrivance, 

their inventions and diseov(*nes are to efloetj but truly, but one which plays at the present day so 

it is just as true that there have been inventors, important a part in sindi an extremely wide range of 

not a, few, just as humblc-iniiidod, who have done technical and industrial work, that its value is 

good woi'k, of which the world had lemmiied igiio- beyond all winpiitatiiin, liy sliortt'uing the roller — 

rant, hud not (;ii'<Miiristmices calk'd in the langungo that is, by cutting up our supposed original form of it, 
of the world chance — bettor j)ut in the words of the branch or Iwile of a tree, into a series of short 
the oM ]>oot, “but that chance the good God did guide" lengths— the form of circvilar or rouud, and more 

-—bronglit them to the knowledge of those who at orieo or loss thin or flat dis(?s, would be obtained. And 

saw tlii'ir value to the world at large. Tlioro are hut when once the ideii of boring a hole through one 

few of long extended experience and observation in of these and then passing a pin throiigli (one of 

daily technical lite but who have come across at It^ist smaller size than the hole), and securing the pin to 

one instance in pi-oof of this ; and if tlieiv be, as some a fixed point, the wheel capable of revolving on the 

say, little doubt, there is at least fair ground to decide pin, as its axis, would be ol>tairie<l, And if, as may 

tbatr this accounts largely for tlie fact that we know be reasonably assumed, the /matf-barrow, or simjile 

so little of the early history of tlnwe invtaitions and wooden platform with projecting handles at e ich 

discovei'i<‘s to which the worhl is much inilehte^h end, and used to cairry ohjecits from one point 

Another point highly suggesti\e to the young to another, had been before discovered — and even 

technical rt*ader is that some of tho.se metshmiical this, simjile as it is, is a mechanical contrivance 

contrivances now appiNir to us so very simple that involving design — if the flat disc was firmly fixed on 
we are apt to conclude that the}’ were invented its pin or axis, and this pin made long enough and 

and discovereil at once, springing, so to say, at oiu^o small enough at the ends to pass into two holes one 

into perfection — “ Minerva-like, all armed from the made in the end of one handle of the bari*ow, the 

brain of Jove.” But from all that we can learn, other in the otlier handle opposite, the i/?AeeM)aiTow 

certainly from all that carefully examined analogy would be invented, by which a man could trundle along 
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by himiHelf, not waiting for or requiring the help of 
a neighbour, asi in the u.^e of the hand-barrow, an 
great a weight as bofoi'e, and with greater ease. An 
analogous case in the steps taken by which useful 
appliances to lighten human labour and facilitate 
its accomplishment were gradually brought to a useful 
point may be seen exemplifietl when we glance very 
l)riefly at 

Seme of the Poiati of the Invention of a Boat or Ship. 

' A tiny boat floating lightly on the water appears 
to 1)0 a very simple thing indeed S;> simple, that of 
the great majority who look at or use it for pleasure or 
for business, not one in a thousand —and, for the mat4.t‘r 
of that, this last figure might safely be multiplied 
by ten — ever gives even a passing thought as to what 
it really is, ami to all the marvels of human know- 
ledge, and of long tried years of patient endurance, 
of risks of jiceiderit, of (lungers to life and limb — in 
l)rief, to all the real romance which the boat in its 
Jiistory as an invention or discoveiy involves. Looking, 
indeeti, at all points of it, it nny wtdl he concluded 
that of nil that man lias found out — and through all 
his history it has been true, as the patrijindi of Uz 
ill the plains of Syria said tliousands of y(^a.]*s ago of 
liini, “ that he hatli found out many inventions ” — 
not one gives greater cvidiuice of wliat ho (iaii do 
than Ji simple boat, The more we look at it and 
endeavour to |)enetrate what ni’O the secrets of its 
birtli and development till it has become the Ix'autiful 
and perfect thing wo now know it to Ik‘, the more 
wo are inclined to agree with Husk in— of all “word 
painters," as writers of his liigh stamp are rvilled, tlie 
higliest — vvlion he says, “ There is an intinite strange- 
ness in the jiorfection of the boat ; as a work of 
human hands 1 know nothing idso," he continues, 
“ tlnvt man does wliich is perfect lait this. All his 
other doings have some sign of weakn(5.ss, of atlecta- 
tion, or ignorance in them. They are over- finished, 
or und(a’-finish<?d ; they do not <jiiite answer tlie end, 
or they show a mean vanity in jinsworing it too well." 
He is here writing, the reader should note, of a simple 
rude fishing boat, with its blunt liead or prow. And 
of this he continues : “ But the bofit's l>ow is merely 
])erfe(jt, complete without an eftbi't ; the man that 
made it knew not that he was making anything 
beautiful, as he bent its jilanks into their mysteidous 
evei’-changing curves. It grows under his hands 
into the image of a seasbell, the seal, as it were, of 
the flowing of the gruat tides and streams of ocean 
stamped on its deliciite rounding. He leave-; it, whmi 
all is done, wdtliout a boast. It is sim[)le work.” 
But, as elsewhere in the s^irne paper Mi*. Iluskin 
says, “ That rude simplicity of lamt plank that can 
breast its way through the death that is in the deep 
sea, has in it ^/o5 soul of shlppiru/ . , . the sum of 
navigation ” is in it* ** Then also it is wonderful on 


account of the greatness of the thing accomplished. 
iNo other work of human hands ever gained so much. 
Steam engines and telegraph indeed help us to fetch 
and carry and talk; they lift weights for us, and 
bring messjiges, with less trouble than would liavo 
been needed otherwise. This saving of trouble, 
however, does not constitute a new faculty, it only 
enhances the power w’e already possess. But in that 
bow of the boat is the gift of anotlier world. With- 
out it, what prison wall would bo so strong as that 
white and wailing fringe of sea? Wluit maimed 
creatui’es wore we all, chained to our iticks Andromeda- 
like, or wandering by the endless shores wasting our 
incommunicable strength, and pining in hofxdoss 
wealth of uncon<iuerablo waves 1 The nails that fasten 
together the jdanks of tlie boat's bow are the rivets 
of the I'ollowsliip of the world. Their iron iUk^s inon^ 
than draw liglitning out of heavim — it leads love 
I’Oinid the eartli." make no ajiology for giving 
Jiero iliosc^ boaiilifnl words, embodying, as they do, 
no less b(‘;uitifnl and suggestive idi^as, Tli(\v will not 
only give to our rc'adors who are inteiwted dii-iHly in 
ship building and in shij)j)ing a higher and moi‘e 
ennobling (*oneei>tion of tlieir craft, hut will he read 
with pleasnr(» by others who only ]*(‘ad tla^se pajK'rs 
for general inforin!i-l ion and for that lovo of all tilings 
connectJMl witli tlie sea wliich is in viu-y truth tlio 
heritage of all Bnglislimon. For wo are (^ssiaili)illy 
a sea loving, a si^a traversing p(H)pl(' ; its wa,v(^s give 
us musii^ as th(*y boom their billows on the rocks 
which gird onr island houn^ ; tJuMvimls whi(di, swei'])- 
ing over them, shri(?k in the? ears of other peoi^Kss so 
wildly, but whistle tunes aloft to onr hardy sailoi's 
as they pare below tlie decks of tlie slops which aie 
their pride as they constitute tladr sti'engtl). To 
our sea-going (^nt-erjaiso and daring wo owe all or 
nearly all tliat wealth of iiow’Or and position wliicJi 
lia,sniadens the masters of the world, of an emj;»irc on 
which the sun never sets. And all tliis lias coukj cait 
of and from that simple thing in tlie (!y<;s of many, a, 
boat — by wdiom first thought of, first made, how, wlien 
and whore made, wo know notbing, 1 1 istory, liowever 
(sarnostly and beseechingly inquired of, is all silent as 
the tomb. 

Origin or First Elements of the Boat. 

But altluiugli history is all silent as to wlierc the 
first boat w'as mad© and liiuncln^d, and still more so, if 
that b© possible, as to how the first (jonception of it 
arose, and how the id(.M was practically oirried out, 
still conjecture is left ns as to wliat were the probable 
steps by whicii, from simplest elements, tlni first 
and rudest boat was piodiiced. Such ccmjec^tures may 
by Home l>e thought practically useless, or at the best 
only interesting and perhaps suggestive ; but we hold 
them, in instances sueli as the present, to be highly 
valuablG. For if they do nothing else, they urge and 
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promote thought, and this leads to observation of the « raft ” would possess some qualities which would 

the world of hmts and circumstances artnind us. And make it less useful to the early pioneers of civilisation, 

thi’oiigliout as yet in the pages of this Journal, as we Its very weight would make it difficult to be 

hope will be one ni its features in the future, we have moved, in some cases at all, by the power at hand ; 

imiinlainotl, wIi Mi.v/er opportunity has offei'od, and its form, if moved, would make its motion slow and 

will maintain, ^\■o trust, when it again offers, that not easily and readily guided and controlled; while 

the habits of ob^rvvaf ion and of thought are of its power or capability of carrying heavy loads, while 

tHsential value in all <ocb:]ical work; udthout which very useful in some great emergency, or on solitaiy 

ilmt uork will he of the poomt, but the career cf and special occasions, would not be required in the 

hhn who po.^sesses them u;): of tho most unsuccessful, gimt majority of instances, whore what would be 
Conjecture, thou, us to t.'jon;;inof tho boat may needed would be something which would carry himself 
take nioro than one, if not m.juy directions: it may only, though without fear of drowning him in the 
t/iko this. Man would learn iti: mediately, by the habit water, and which could be moved along, paddled or 
of ohsoinUion, tho first power which could point to somehow propelled, with little muscular exertion, and 
him tho way of every discovery oi thizjgs and facts new the form of which would not hinder, as that of a raft 
and b<‘forc unknown to Jiini, that of all the objects w^ould do, but would facilitate, its passage through tlie 
by whicli he was siuTounded, stozie if thrown into water. The trunk of a tree would again be reverted 
wuUw would sink, and wood would fl:nt in it. And to, or originally taken up; and probably taking a 
if living by tiio banks of riveivs Ik.- would sc(‘, in times lesson from tho fish, which he would now and then 
of Hood, lives and bi-anclies of tzvos n:sli jaist him in catch by liand in the river, or from some of his 
flu, ‘wild whirl of its waters. And luwv and then ho own actions or movements in swimziiing — for man 
mjglit se(f, sveiiroly st/tndizig on fho sin-biro of some woiih.l probably learn very early to swim, as tho 
iajger tivo tJian usual, often Jialf siibmer.ed, but siiJl only means at first of crossing deep waters — he w'Oiild 

as a. iMilo above water, some living thing, as a dog or taper ofl‘ the front part of the ti’ee, to give it a shaip 

slice] », carried down by Uie iUxjded waiter fi’om son.e beak ; and in time learn the value of doing the same, 

tlislrict above tliai in whidi he lived; and nowand altliough to a lesser extent, at the other teianination — 

iben two or more tiaKis with interlocked brancheif though for lo7)g it would only be made sharp at both 

allbrding a wider surface than that given by a single ends like. Tlins the tirst conception of a canoe " 

t !■(?(', on which might be piled up a (jonfnsed heap would be obtahied. ihit it would be solid, and it 

of iiieces of Icsscr-sizcd ti-cos or of branches, straw w'ould probably be some time before the value of a 

and other tbizigs — and y(,‘t again, above all, and hoi low’ed -out trunk of a tree as adding to its swimming 

securi'ly . eai*i it‘d along for tho time, some living or lloating powers would be perceived. The hint of 
thing, lie may Is'fore, having learned from the tirst it might be given by observing the conduct, oi‘, as 

tlwit wood would *‘iloat’’or **swim ” (see a paragraph onginoers say, tho “ biOiavionr," of objects naturally 

prcMMitly to be givtai, in which the scieiitilic meaning hollow or substances enclosing an empty space, -such 
in relation to tlu' az*t of boat and sliip building will be as hew’ould havi* if, after sucking the savoury contents 

explained), have trusUfd hiiriself to some trunk or of the egg of some wdld bird which he found, he 

large branch of a tree, and, lialf siqzported by it, half threw' away the empty and partly broken slicsll into 

swimming, laehUed himself across some bi-oacl river, the pool or the river beside, him, where it w'ould 

Jlut tis small tiVL‘s could bo more readily got, because swim, tlavt is not sink, at least for some time. But it 

more t'asily cut or dragg(‘d down, and as the I’esult is possible that, without any thought of such a process 
of thinking out w'hat ho had observed in the things helping to increase t lie floating power of his solid tree 

swept past his hut on the flooded river, as above canoe, but simply from a desire to make it more con- 

describod, he would see that by joining small tree veniont for ono or other of his purposes as atVording a 

trunks or branches together, and adding to their safe and secure place to cairy small objects he might 

depth by piling one ui)on the other and binding take -with him in his long voyages, lie might tirst level 

tliem all ns securely as he could with rushes, wdthes the upper side of his trunk canoe, and proreed to hollow 

or wands-— the tirst vegotublo fibre ropes” man had it out. And he would in time perceive that the more 

at command — he might get a something wdiich, when he hollowed it out, the more obvious relation 

floating in the water, might do nioi'e tlian tninsport there would be between the hollow and the power 

lumst'lf : might carry himself and his neighbour, and of floating of the CAnoe. Be all this as it may, 

ptThaps some of their simple goods and chattels, across and however probable it is that at a compfti'atively 

tho ri\ er in safety and dryshod, This the fii*st realisa- early period man sawr the advantages of making a 

tii»n of the “raft” would give him very pi-actical con- canoe or Iwat cnpahle of carrying weight safely across 

ceptions as to bodies floating or swimming in water, w'ater in times of calm, hollow' w'ith their sides not 

ami capable of being mo\Td from place to place. But scrooped or burned out from the solid, it is certain 
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that it would be long, and only after patient trials, that 
he would l>e able to realise his conceptionSp And this 
if for no other reason than that it would be long 
before he htid tools and appliances so perfect as to 
cut out and prepare the planks, and to bind them to 
the curve or shape he desii-ed ; and means, moreover, 
of hrnily securing tliem together, so as to retain the 
form and position given to them. When we come to 
look at the actual construction of a boat, we may be 
able more clearly to see wliat wore likely to be the 
stops taken by early buil<ler« to arrive «.t its con- 
struction, TIaving thus given wlint wo feel will not, 
at least for our younger readers oi- tlioso unacquainted 
with the prin(;i])h*s and details of the art, he useless 
or unsugge, stive, we proceed at once to the considera- 
tion of the matter of the next pariigrapli, — 

Boat and Ship Boildiag at onoo a Soioaoe and an Art— Certain 
DeflnitionB and Termi connected with the Science necei- 
eary to be known by the Eeader. 

Ship huilding, using tlio term in its hroiulest sense 
as including boats and tloaiing vessels of all kinds, 
demaud> an acijuaintiince willi c(‘rlnin principles, and 
wliich Irn ing io be known constitute its science (foi* 
d(‘tiiiiti(>ii of tbo term “scienf(''’ see tin? [>aper ontitlcd 
“Tlie Wovkinim as a Teclinical 8lud(}nt«- *,H‘ovv to 
Study and Wiial to Sttidy”). Thes<! prlncipbvs are 
based u|»OTi natural laws, and are therefore fixtul and 
invjirial»le. IJut ship l)uibUiig is also an art : it demands 
work to 1)0 done in tiecordnnce with cortiiin rules and 
practitrcs, though tliose are under the induenco of dr- 
cutustanees wlii(di are (!ver changing, and are tlierri- 
sclvcs hrougbt into existem^ largely from ox])ori(Mice, 
so that wlmt is <lone toalay to ellect a certain objtwrt 
may .to inon’ow be pi-oved to be, if not the worst, 
certainly not the best or tlio right way to dl'etjt that 
<d)ject. TTencjo the art of the work to he done in 
slup building has been a steady series of changes Jind 
lluctuutions which so far exist now that there are y(d- 
many points in wl)i(;h practhjal men are not agreed, 
and u liich sciorititlcj irnai are yet debating. All iliis 
is almost efpiivalont to saying, whtit of course every 
one knows to be the fact, tliat the progress of shi])- 
building has lu?cn one of continual changes, the great 
majority of whicdi have been improvements ; so that 
each generation finds itself in advance of the one 
preceding, and the next hopes to be better than the 
present, ^\'hat are the fixed primdples necessary to 
he known— that is, those based ujion the hiws of 
nature, which never vary— will now be attempted to 
1)0 exj)lainr‘d as fully as tlie nature of our ])lan and 
the extent of our space admits of. This we shall do 
by taking up certain t(Tms used in whip building, and 
define tliose ainl sucli othei's a.s grow as it u'ere out 
of them. Tu the series of papers given under the 


head of ** The Technical Student of the Principles of 
Mechiinics ” the reader will find, in the various para- 
gniphs which timt of the centre of gravity," the 
principle which allects the stability of bodies resting 
on uoUd and immovable sui’faces, ucx^ording to the 
position of the centre of gravity in rehilion to their 
basils He will there also see liow, wdiilo bodies imiy 
1)6 overturned by clmnging the position of the centre 
of gravity by some force or another, other bodio.s 
having bases of ja'iailhu' form may be acted upon by 
a force or l>y hn-ccs so that l)y cliange of tlic position 
of llie centre of givivity tlie position of the body 
wliih* (diangcd doi‘s not lead to n com])lctc overturning 
of it ; hut on the forci? or forces being removed the 
action of the c<'ntr(' (tf graN'ity in set'king io return 
to its iionnal position brings baek tlie body io its 
original position, cai-ih's it beyond this for some 
di.stane<‘, and ibis being r(^p<*at(‘dj wlial is ealhd a. 

rocking motion" is pi'oduced, 

** Floating Swimming ’’ of Bodieadn Water, 

\Vb»‘n we eom(‘ to (‘onsi<l(‘r tbe physical plienonficna, 
of bodit‘s placi‘d not on solid jind stabli* siii’farM's, but 
in n mobile vebiehs such as water, W(* slinll iind that 
the prineipl(‘ which aflects tla^ stability and <‘onstrnc- 
tive utility of bodies resting on solid surfat'cs allect 
also the const met iv(Miti lily of those wbieb rest in a. 
mobile (inid. such as wahM*. in such a. ease the term 
rest is not- as Ji i‘ule — is, indeed, seldom «'mj)loy<*d, but 
the l>ody is said to “float " in tlie wate.i*. Tbe term, 
it is curious to note, is (l(‘riv(*d IVnm the Kreneli 
01 * (be demian or possibly tlu' Anglo Saxon 

all of wiiieli signify a, ri\or, just as if our 
ancestors in tbe eariit*st times Imd dise«>vered as it, is 
exceedingly ])rob)i,bl(‘ Unit they di<l dls(*over— tbe 
principle m* cbaractei-istic of floating by obst'rving j,]ie 
conduct, or, as mecliarijcs would say, t he “ beli.‘i\'i(air " 
of bodies cast intooi'hamd in rivers or st leanis. Tlat 
other ti‘rin sona*limes einj»loy(‘.(| in (connection with 
hodi(*s existing in a mobile veliitk^, as water, is “ swim," 
aial as a. Jnecdianieal term it is in frerjinait- use, as 
when a laxly placjcd in waloi* is said to “swim fairly," 
— that is, that it is wadi balanced, or, as is uNo some- 
times sai<l, it “ sits well in the water," The ((‘rni 
“swim fairly” is also in me(‘liaiiics applie(l to moving 
l)odies or parts of l>odies in moti(»n wlien they ar<5 so 
well designed and (jonsti'iicted Unit lla? motion is (‘.usy, 
without vibi'ation, jolts, or jars. Altlxaigli the tisrrn 
“ swim " is deriv(!d fi’om t)a‘(ierman word 
io float, it is univeiNally (^onsidei-ed to involve tla? idea 
of modouinn floating body; [icTaa* the term “floating" 
is that wlii(di is a])]ili<Ml to hodi(\s resting in ami mrar 
ihc* surface, and wluVh do not sink to the bottom or 
below tlm surface of iJie wattT, Jiltliongb it is ti’ue 
that a ])ody whicli is swimming must uIh) be flouting. 
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THE BUILDING AND THE MACHINE 
DEAUGHTSMAN. 

CHAPTER III. 

We concliKled tlie hist oliupter by pointing out that the 
cleft»t!t8 in the di-awing-boai'd bin face caused by the 
<lra\^iiig “ pins " could be in a measure remedied by a 
little appliance. This generally is made of a small 
circle of pui’e horn, or of other substance nearly, if 
not (|uite, transparent, and soft enough to allow of 
the point of the compass leg penetrating it sufficiently 
to give a hold or firm footing. The circle is provided 
on its under eide with three very short but sharp pins, so 
placed in the disc as to form a triangle. Those pressed 
into the paper at a point right above the centre of 
the circles to be deswibod give a fixed and hard surface 
in which to work the compasses. But as we look 
n|ion prevention as bettor than cure, we should advise 
the young draughtsman not to'use drawing pins to 
secni'c drawing paj)ei' to the board in a quick way, 
or for tcmporaiy purposes. If used at all, the only 
tiino at wlii(!h we think their use permissible is when 
the slm(‘i of paper used is so largo that the corners 
are quite close up to the corners of the board. In 
this position, though the ^‘drawing pins” do press 
and make lioles into tlio bo.ard surface it will not so 
mmdi nialtor, as their ])Osition will ))e such that tiny 
will 1 ‘areJy or‘ mxov be at a place where ciivlos or 
nje/isiN*emonts are to bo made or taken by the com- 
passes, 

The Permanent Method of Securing Paper to the Drawing 
Board by Damping, Gluing or Gumming -generally 
known a« the Operation of Stretching." 

We now como to the lixisl o?* peiinanont method 
of securing drawing j>apor to tin* board. This is 
known as ilie ‘‘stretching" method, and wJien paper 
is s<» fixed it is said to be “ stretched,’— a term 
not aj)plied to (he oilier methods we have just de- 
scribed, wliiVh are siinjdy nl/ude<l to as Ix'iijg fastened 
or seeiiretl. TJie stretching method is dependent upon 
(he fact that hbrous or textile mat<*rials conti’net or 
extend or stretch or “dj‘aw in," in jn-oportimi to their 
hygi-omotric condition, or what is j)oj>ularly said to 
be tbeii- damp or dry state. in carrying out the 
stretching method of fixing paper to tlie board, the 
sheet of paper is laid flat upon tlie surface of the 
lioiird, with its finished surface— if tlie two faces or 
surfaces be dillerontly iinished, such os one side being 
gla/.ed, the other dull— idaeed under, or next to, the 
board. With a sponge, wbieh should itstdf l»e (‘lean, 
dipped in pure water, and squeezed out so as to be per- 
fectly damp or wet, yet not “ drijiping " or “dropping” 
wet, go over the whole suiface of the paper. If a sponge 
be not within the reach or the peeiiiiiary means of 
the young draughtsman, a piece of soft linen or cloth, 
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such as an old or well-waslied and worn cotton hand- 
kerchief, vill do almost equally well for moistening the 
piper. Some lads are so poorly provided witJi money 
that the having a sponge even, or doing without it, 
makes a ditlereiice to them ; so that it is always 
advisiible for thorn to set their wits to w»ork to devise 
economical expedients, in order to make the beat of 
their circumstances ; and they will be none the worse 
hut all the better, for the discipline. It not seldom 
happens that those who struggle through want in their 
early days are so successful in their maturer life that 
their success is far beyond their hopes or even wishes. 
There ia, even from a technical point of view, a vast 
deal to be learned from the familiar, and hb some 
people would call it, the vulgar proverb, contained in 
the saying, “ like the old woman who never wanted, 
because she always took that which she had at hand." 
In no callings is the habit so valuable of resorting 
to expedients to find substitutes for what cannot at 
the time be obtained, as in those of building and 
engineering, After this digression, not altogether 
without its pi*actical technical value, wo proceed with 
our description. 

Principle on which the “ Stretohing “ Method of eeourlng 
Paper to the Drawing Board dependi. 

The object in moistening the paj^er is to have its 
whole suvhco so earefiiJJy gone over w'itJi tiio damp 
or wet sponge or cloth that o\ ory part of it slialj ho 
equally and also tlioroiighly moistened or made damp, 

HO as to he perfetjtly Jlnraid or “Jimp” thwughout. 
WJiat is wanted, as the ultimate condition aimed at 
by the ])roeess, is that wich pnrt of the paper shaJl be 
o<]ually and uuifoi’inly stretcJied, And this can only 
be secured by Jaiving (lie equally damped, as the 
stre.L(?hed or final condition of the ])iiper depends upon 
the eijual contraction, and this cannot be secfured 
unless it be equally dnnipc'd or inoistonod in the fii*st 
instance. To obtain tliis condition, or rathei’ to 1)0 
(•ertain that it will bo obtained, the sponging should 
be done so (‘venly timt tin* draiiglitsiimn feels assni’ed 
tliat 1)0 has gone over e>ery portion of its siii-fnoe. 

To wiiieh end h^t him bt*gin ut oik* end or side of the 
paper, say llie left-hand end, and tnko one swee]j of 
the sponge right to the other or right-luind, taking 
the next sweep, starting from the left liainl agnin, a 
little low’er dt)wn the sheet, till the bottom or lower 
i‘dge be reached, Dashing at the shei>t, as some do, 
beginning at any point, as mere chance or thought- 
lessness dictates, and rubViing the surface over in any 
fashion, is not liktdy to gain the object in view. Jf a 
thing be worth doing at all, it is worthy of being done 
in tlie best way jxissible to the doer of it ; and to the 
doing it ill the best way nothing is so eonducivt* as 
“order" and “method.” And he will find that order 
and method are essential to the attainment of pres* 
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licioucy ns a driiughtsnuiTi, and certain it k that if he 
be mrelt\NS of oviUa' in ajuall and wliat ho deems to 
be unim]iortaiit things, In* will be so in Tnattcw 
whicli lu‘ may (joneider iniporlant. Nothing, bo 
it noticed, however, is unimportant which has to 
be done (see the papers entitled “The Workman 
as a Technical Student — How to Study and What to 
Study”). 

Traotioal Einti on tho Damping and fltrotohlng of the 
Faptr on tht Drawing Board. 

The damping of the paper will be best done if the 
-sponge be moderately, not too wet, as much water is 
apt to make the paper rise in parts, and be blotchy 
and uneven in the surface. It is, thei’ofore, better to 
go over the surface several times with only a moderately 
wetted s])onge or piece of linen, giving a little space 
between the spongings, in order to allow the moisture 
to penetrate the surface equally. The draughtsman 
can, by looking across the surface of the paper tis it 
lies on the board, easily see wliether all paits of tlie 
sheet are wetted oi* not ; and when it is thoroughly 
liiu]), the same method will show’ him that the suidace 
is so far dry that no shining wet part is visible on it. 
For this’ must bo its condition before the next pjirt of 
the pvwoss is to be gone through. Tliis is ilie re- 
versing of the sheet, so that the side which has been 
sponged is made to lie nearest the board, the un- 
sponged surface being now the uppermost oiic. The 
“ reversing ” of the sheet naiy seem to some ytmng 
draughtsmen to be a piwcss so easily gone through 
that it may he done, as the ^dirase is, anyhow,” But, 
like everything else w'hich has to ho done, there is a 
right and a w'rong way to do it — a bad, a go<al, a better, 
and the best. It is good discipline for the young 
drauglitsman to aim at doing the best in all his work, 
and if he aims at this in smuil, he will be sure to do 
so in more important matters, The bett W)iy, then, is 
to take hold of tlie upper edge of the slieet ntsjjr eacli 
end, and as he lifts it up from the board, to lift it hO 
that it becomes freely suspended or hanging down. 
Til tliis suspended state, and lifting it clear fnan the 
hoard, tlie sheet must be placed so that the otlier side 
and its lower edge touch the board surface near the 
upper edge of the board, when the sheet is gently 
lowered ; keeping it bellied in the while, till the 
upper edge, hy wliich it is lield in the hands, comes in 
contact with the surface of the board at its lower edge, 
All this, which ia much more quickly done than hero 
described, is necessary if it be desired to have the 
sheet placed in its final position on the board without 
a crease ; for if the sheet should bo taken up carelessly 
to be reversed at one point only, as we have seen some 
young di’aughtsmen attempt to do, the creased or 
crumpled condition in which it will lie on the board 
will be anything but satisfactory. 


Fraoticallj Uieful Hints on tho Bait Way of Handling, lift- 
ing, or Examining Shoots of Paper or Shoots of Finished 
Drawings. 

And here it will be useful, while on the subject of 
the handling of slieots of dmwing papei‘, to point out 
to the young draughtsman the proi)cr ami the im- 
proper way of lifting diuwings or sheets of paper. 
You will see one taking up a sheet to l(K)k at, or 
hand to some one, with one hand only, and that very 
proUibly— indeed wo may say it is done generally — at 
the extreme corner of the sheet. He evidently trusts 
to the thickness of the paper that it will give sutHcient 
stifihess to the sheet, that it may he taken up and 
looked at just as if ho was taking up a piece of very 
stiff and thick cardboard or a piece of flat wood. No 
doubt, the slieet of drawing paper may ho, and is 
generally, stiff enough to allow of its being lifted up 
with one hand and at an extreme corner. But only 
for a time will the paper remain extended, the leverage 
exerted by the w^eight of the whole sheet, acting at 
one corner, tends to bring down the sheet so that it 
begins to droop, to counteract which tho holder almost 
instinctively gives tho sheet a bend with his fingers 
HO as to partially corrugate it, and hy corrugation to 
give it such a strength as will sustain it somewliai 
extended, citlicr to be looked at or hiindcd to some 
one. But at wliat expense has this been attained ? - at 
that of tho integrity or ju'ojuir wjndition of the sliret 
itself. For this mode of handling almost of nwjcssity 
giv(!8 tho sheet a bend, or wrinkle, or break, wbitdi is 
permanent, which no trcatmi'nt can get rid of. Not 
seldom have we seen tsareful dranglitsmon (lisajjpoinictl 
and cluigrined by seeing a drawing of a most elabonite 
kind so lifted by some careless, thoughtless fellow, 
as to give the treasured sheet siudi a la^nd that tlm 
flat, uncroased condition which all good draughtsm(‘n 
love to see their tirawings in, ami wlii(di Ihm/ aj-e so 
careful to keep them in, was wholly aial for all future 
time lost, So also will careless draughtsmen sixal at 
the very beginning, l)pfore a line ()f work is jait upon 
its surface, a good sheet of i)apia’ in lifting and hand- 
ling it in order 1o use it for some j)urj»oso or another. 
Such is the improper way of handling drawings or 
sheets of paper. Tho projjer, the truly meclia?jical,and 
if tho reader will permit us to apply a great W(»r(l 
to a small thing, tho scientilic way of doing this 
“little thing” is this: Tjik(f hold of the sheet with 
two hands, a slight Ijold being taken at each diagonal 
corner, that is, at opi>osite cornerH, the left hauf] 
holding the lowe.st, the right tho highest comer ; and 
when so held, in lifting the sheet hollow tho central 
part to hang down precisely like a cliain, wl)icli will 
so bring, if suspended at two points distant fi'om each 
other a length less than that of the length of the 
chain. The curve which both the sheet of paper and 
the chain assume when .so lield is ciilled, indeed, the 
“catenarian curve,” from the Latin word catena, a chain 
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40. Tlie fi« 0 iemer Steel Hanufeotare.— The Soaking Pit 
Frocese for Ingota, 

Tim IS oiio of the most recent iujpj'ovoiriontK in 
woi'kjjj^'* ii]> Uic stool ingots proJiiced the ^^I>cs- 
somer bJou’/' unci it promises to efloct as grout 
i‘evoJul Jf>M in tha maijufjiotui’e of steel mils, burs, etc., 
fistlie JJessoniej* jn'ottess (.^fflietc'd in the making of sfeel 
As tlie ro.idcr w^ill iiiid cxpiniiied in theurl icles 
ill tin* t(j.\t under tJic^ titles “ TJic 8le(^I Maker” and 
Iron Maker/’ a lai'ge ainonnt of expenditure is 
iiicurrod in the ei*ection, tlie maintenance and the 
working of what ai-e called “rO'hoating furnaces.” 
Those in the ordinai’y metliods of working up of tlio 
original masses of iron and steel into rails, bars, etc., 
are nuj aired in order to bring up Uie tianjiei’aturo of 
tlio metal at <'ertuin sLages of the rolling, etc*, pro- 
cesses, tli(» init ial or iMimary Iieat (»f tlicj mass being 
too far exliiiusLed to admit of the jirocess being 
linisbed, 1’be now pro(H'ss, so far as liossomor steel 
is coiieerned, enaldes tli(’ initial heat of tlie ingot, as 
it is taken out of t he ingot mould, to he so economised, 
or ratlu‘r dealt with in so s]>ecial and ellective a 
manner, that stei'l rails can In* made or rolUnl into a 
finisheil liar without any pi'oee.ss of re-heating being 
roiniirod, as is generally now, and up to the date of 
the iiitroducliun of this ])ro(H?ss was universally, tho 
feat ure of the trade. Thi* process is due to thi! inventive 
genius of Mr. Jolm Cljers, Enginota*, of Middlos- 
horough, the capital of tin* (celebrated Cleveland Iron 
District, wJiost* name is liighly and most honourably 
associated with a number of most valuable improve- 
inonts in the mtH.diauical technics of the iron and 
steel manufactures. Like many other valuable im- 
provements in woi'kingout dillei'ont processes of manu- 
facturing industry, the idea of this, “the Gjei"s” 
system of rolling steel ingots with tlieir own initial 
boat, is simple, and the method of working “ extremely 
easy and ])raeticablo,” 

Excess of heat in the primary condition of Bessemer 
steel ingots over that retjuired for working or rolling 
them is one of their pcxailiar features wdiich has often, 
by various inventors, been attempted to be availed 
of, but without success till this system was inti;Dduced, 
Those who have witnessed the “ Bessemer blow ” in 
actual w'ork, will have a most vivid recollection of the 


intense heat possessed by the steel as it is poured 
into the ingot moulds, and equally so of the condition 
of the ingots when taken out of the moulds, ©specially 
if they have been standing close up to the Bessemer 
ingot “pit." Suffice it to say that at this stage the 
tomperaturo of the ingots is far in excess of th.at 
required for a rolling or working “heat,” And even 
the tyro in such matters will understand how tlie 
heat, taken as a unit or whole, must be imoquidly 
distributed throughout tho ingot at tho time it -is 
“ stripped ” — as the process of taking it out of the ingot 
mould is toohnioally termed. After it is set sufficiently, 
or solidified, the interior will thus bo in a mncii more 
highly heated condition than the exterior, and while 
this may bo too cold, or just cold enough, to tit the 
ingot for the rolling process, the interior may he too 
hob, We use tlio term “ cold ” in its relative sense, 
for it cannot be in any way applied to ingots of steel 
passing through the working ])rocessesin the ordinary 
or conventional sense, as all know who have even but 
a slight personal knowledge of the working up of 
steed ingots into rails. It is just this inequality of 
teinporaturo possessed by ingots worked up under the 
old, or, as it may bo called tlie present re-heating 
furnace system, wliicli is the cause of one of tho 
many noted defects of rails made by it. For it may 
almost bo said that it is practmally impossible to get 
a mass of metal wliich is lieatod in a re-hcating 
furnace of espial tomiu'rnture throughout ; for if ktqit 
long enough to have tJie interior Imated to tin* point 
necesKMjy to obtain good rolling or working, tlie ex- 
terior will of necessity be over or beyond this iioinl in 
temperature. In tlio case of Bessomor steel ingots, if 
tliey are kiqit long enough, so that the interior cools 
down to the point best littod for working, the exterior 
will be, of necessity, below tins point. The re-heating 
furnaces demand, tliei’efore, for tlieir working, the 
exercise of great cai'e ; hence the necessity to em])loy a 
superior class of workmen, wdiose consetpiently higlier 
w'ages add materially to tlie necessarily groat (‘ost of 
the system. By the Gjers soaking pit process all the 
disadvMiit^iges, pecuniary and otherwise, are to a very 
large extent, if not wdiolly, certainly generally done 
aw’ay with. 

We now glance briefly at the principles of tliis most 
important improvement in Bessemer steel ingot w'ork- 
ing. At tirst sight it would appear to lie a oompaia- 
tively easy thing to keep the ingot, with its ovei-heated 
interior, in such condition that tho heat economised 
or treated would bo t^qualised over the whole mass — 
this uniform tempertvture being that best suited, as we 
have just eeen, for working it up into mils, etc. To 
many it seemed to lie so easy, that numerous attempts 
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were made to utilise the initial heat of the ingot, the 
chief feature of which was the conseiwing of it by 
surrounding it with non-conducting substances or 
shielding it from the unequally cooling effect of cur- 
rents of air, But all those attempts were unsuccessful 
in securing the desired end. Some of our reader may 
remember the attention which >v*is attracted some 
twenty years ago or thereabouts to what was called, if 
we remember aiight, “the Swedish Cooking Stove.” 
This, m fact, was simply a wooden box, the inside of 
which — lid or cover included — was lined with a very 
perfect non-conducting material. When a covered 
vessel containing cooked or waj'm or boiling solid or 
liquid food was placed in the intiU'ior of the so-called 
“ stove,” and this carefully and effectually closed uj), 
the etlect of the non-(!onducLing material was such 
tliat the initial hejit of t he body or masss of food in 
the vessel was conserved, and this so well that after 
the lapse of many hours the vessel might be taktm 
out of the stove witl\ its contents, if not at a tem- 
lierature nearly e(]ual to its initial licat — at least, so 
little practictilly below it that the food would Iw? hot 
enough — “steaming hot,” <is the jdirase goes— for 
efiting, almost if it had just be<.‘ii brought from 
the kitclK'n. But more than this ; Suppose the vessel 
containing the food was ]>laced in the so-called “stove” 
at a very high, wiy braling toinperature, but with the 
meat not “ quite cooked,” tlie beat at first given out 
by the vessel and taken up partly by tlie non-conduct- 
ing material with whitdi the stove was lined, and 
I)Mrtly by the air between the sides of the. vt?ssel and 
the stove, was, as lime, went on, given bacsk again to 
the vessel and its contents, so that after the expiry 
of a certain pei-iod the food could be taken out not 
only still hot — “ pipi^ig hot,” ns another kitchen or 
cooking phrase goes — but comj)letely cooked. This 
simple apparatus, the idea of wliich is met with in a 
still more simple apidianco — the woollen “ cosy” of the 
teti-tahle — gives a very fair notion of the princi[)le 
and arrangement of the “ C jers Soaking Pits for 
Bessemer Steel Ingots.” The soaking pit is, in 
its simplest form, a chaml^er lined with refractory 
fire-brick — that is, brick capable of withstanding an 
exceedingly Ingh temperature without breaking up 
or disintegrating — hence the term “ refractory ” (see 
the “ Cyclopa'dic Dictionary of Technical and Trade 
Names ” for this term — section “ Oenerjil Science ”). 
The inside or cross-section of the pit is slightly larger 
than that of the ingot, to allow of its l)eing easily 
dropped into its place in the event of any projecting 
paits of metal — technically called “fins” — which might 
be left in the bottom of the ingot. The height or 
depth of tlie pit may be six up to eighteen or any 
number of convenient inches in excess of the length 
of the ingot. For the facility of working the pits, 
they are all constructed below the level of the ground 


floor of the Bessemer pit, where the ingots are made * 
and for removing the ingots from this, and di’opping 
them into the soaking pits, all those arc commandeil 
by an “ ingot ciiine,” and this, further to facilitate 
working and save labour, which is mtmey, commands 
also tlie position at whicdi the ingot is to be passc‘d to 
tbo rollers of the rolling mill, Before the woi-ki ug 
of the ingots, which are to be iiikt’n from tlu^ ingot 
moulds tej the soaking pit, and from tbcaice to the 
rolling mill, commences, it is necessary iluit tlie in- 
terior of the soaking 2 ^ 1 *=* should bt^ bi'ouglit to a red 
heat. This is done by [facing hot ingots in tliein. 
When properly heated, tlic regular woihing of the 
system begins as thus. The ingots are t(» be taken 
out from tJie inouhls as soon after us 

jmaciicable, so as to have the liiglu'sl degrei' of 
initiiil heat. They are tlioii swung round l)y tho 
crane, and drop2»c^d at once into tbo “ soaking [)its,” 
and each as it receives its ingot is covered with 
its lid, nmdo of refraeto}'y materials, thus ju‘aelieally 
ktHqniig out tho air. Hurrounded hy lah'kwnrk sur- 
faces at a tempiu'ature as high as theinselv(‘s, iioiu* of 
tluur heat is allow<'d to eseaia*, and after r<'inainiijg 
some time “ soaking,’^ so to use the invent (u-’s <*\[>res- 
sion, in this heat bath, tluj heat h<*eomes uniformly 
distributed thi'onghout I lie whole mass. And, as a 
constMiuems) of the retentioi^ of tli(‘ lieat within tho 
jniorior of the 2>its, it follows that the ton)])ta‘alin^f« of 
the ingot mass is increased, so that tlie ingots wlnm 
iak<m out of tho 2>its to bo swung round to the rolling 
mill — w'hieb is dt)no aft.ta* tluy have l)(‘(*n soaking 
from twenty to thirty minutes — are actually liolter 
than when they wta-o ]mt into tluaa. But it is 
obviously nocossary that tlu« hrickwork of ilie soaking 
jnts should bo Ue 2 )t U 2 ) to tin; same temperature as 
that of thu ii»gots 2daee(l in them. This desi<leriittini 
is secured by a suj'2>his of ingot heat, w’hich is h'fb 
over from tho loss of tie* initial heat dim to it when 
it is first tak<*n out <d‘ oi* striiqaal from the mould. 
This loss is first by radiation when the i 2 igot is 

ex2)Oscd to tho air iMjfoi'c it is put into the soaking 
fjit; and se<?ondly )>y some j>art of it l»eing al»sm hed 
or taken away by the bi'ickw’ork after it is placed in 
tho soaking 2^*^- when the system is well cmah'd 

out, thosurjduH of heat from successive ingots k<-eps 
up tho j)ro 2 >or working tem|>eraturo of the soaking 
]>its. This may bo utilised in another way. For just 
as we saw in a imoceding sentem-o that tho heat given 
back from tbo Swedish stove to tho vessel containing 
food was Hullicieni to cook it comjdcitely — sn in tlio 
caw) of the (xjerH soaking pit, should an ingot bo 
detained by somi} i^auso or another in its w’ny from 
the mould to tho pit, so that it gets colder than it 
should, tho surplus heat, so to wy, of the soaking 
pit is given out to the ingot, raising it to the tom- 
pemture required. The walls of the soakijjg pit 
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may thus be waid to bo an ncnimulator of heat, 
storing up wlml is not minted at one time to bo 
giv’on out at uiiothor when it is. While the ingot 
is “soaking/' as above explained, it passes out from 
its mass volumes of gas. This acts -in addition to 
the Tofmctoi’y cover or lid of the pit— us a “seal, 
still more completely excluding the atmosphere by 
its conlinual How thix)iigh the opening round tho 
edges of the lid, for while this gas is passing out 
tJie young reader will perceive that no air can pass 
from the atmosphere outside. This gas is com- 
biistihlo, as is shown as soon as the lid of the 
soaking pit is taken off, by its flasliing into Hame 
on mixing with the ordinary atmosphere. In the 
ordinary ro-heating furnace the metal which is being 
brought up to the required working temperattire for 
a suoceeditig part of the woiking process — it having 
lost its heat wlien passing through a preceding part — 
is apt to be, ahd in practice very often is, deteriorated 
in (juiility by being oxidised in the furnace, from 
wliich h is obviously quite impossible to exclude the 
oxygen of the atmosphere. If, then, the gas produced 
in tJio soaking pit by tho ingot itself, and which we 
have seen is combustible, contained oxygen, it would 
have a bfid eHeci upon the ingot material, biuming 
or oxidising it. But, fortunately for the perfeertion of 
tho pro(‘oss, the gas of the soaking pit is a perfect 
iion-oxidi*'‘iiig medium, being composed of hydrogen, 
nitrogen, and carbonic oxide only — of wliich an 
iriiaJysis showed the percentage per volume in the 
ordei* just si^ated, H. 27*21, N. riD'Dl, C.O, 12-80 (i). 

A German sci(*nl ist, who has been ex])erimenting with 
the system, gives the name “heat-equalising process” 
to it, objecting to the term soaking ” of tho inventor, 
ijiasmiKdi as this implies a softenirig of the metal 
oxtimding from the exteuior to the interior of the 
ingot — wherofus, as he states, iliiM’e is only one equal- 
ising of the tenipeniture tliroughout tlie mass, Tiu? 
same jiractic/il aulliority show's conclusively tJiat the 
Gjers system of utilising the initial heat in working iq) 
the steel ingot w’itJiout any re-Iiejifing process being 
nwessary is a sucx'ess, Tims (jontinsting it with the 
ordinary, and Jit prosent genei-jil, system — which, how- 
ever, it bids fair in time to suj)i)lant— this authority 
shows that while by the soaking (or heat equal- 
ising) systems, to produce 100 tons ot finished, w^ell 
made steel rails, 114 to 118 tons of ingots are 
reipiired, by the re-lieating or old system the number 
rises from 118 to 123 tons. While no fuel is required 
for the sonking system piU, from 20 to 40 tons of 
coal are ivquired for each 100 tons of finished Kuls 
made by the old system ; the number of burnt rails 
by the re-heating process being five, wdiile there is 
no loss fi*om this cause by the soaking system. Tlie 
advantages of the latter do not, however, end here, 
for no account is taken of the capital saved by the 
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soaking system which is required in tho old process 
as no exjumsive ro-lieating fnrniu’os are netMlcd! 
w'hilethe cosi. also of the gas “ proiluoors ” (see Iho 
series of papers in the text entitled “The Furnace 
Builder”), by which the gas ” is made for boating 
the furnaces, is also saved. Further, the cost of main- 
taining those in good working order is Siived by tlie 
adoption of the soaking system ; finally, a less nniouut 
of costly labour is required by it as compared with 
the old or ordinary re-heating process. With all 
these advantages, the reader will not be siirprifled 
to learn that the adoption of the Gjers soaking or 
beat-equalising process is steadily on the increase. 
One large establishment in the United States in 
which it is carried out, shows that six pits are 
capable of turning out 150 tons of ingots per day 
of twelve hours, at a cost only of about 1 per ton. 

41. Bobaffatr it Eelbig’i Frooeii for the TJtiliiatlott of 
Alkali Watts. 

In connection with our Note No. 6, and the corre- 
, spondenoe thereon, we think it well to supplement the 
subject by a curtailed description of the pi'ocess itself, 
without committing ourselves to a decided opinion as 
to Its ultimate commercial success, further than that 
contained in our letter above referred to. 

This process was patented in March 1878, but was 
not exteiiKsively tried till about four years after. It 
is theoretically a perfect process, but in practice the 
pecuniary results are not quite so satisfactory. Tlio 
alkali waste consists chiefly of siilidmrand lime, derived 
in the Lelilanc process fr-om the decomposition of 
common salt into the sulphate by means of suJp/iurio 
acid, and the subsequent (Jon version of the sulphate 
into carbonate by means of limestone and cofiJ, The 
lime from tho limestone and the sulphur from the 
vitriol ai’o ultimately entirely lost, and form “alkali 
waste.” The recovery of these mateimls, or the utilisa- 
tion of this waste, has called forth a large amount of 
talent, time, and capital, but not with perfect success. 

Of the several metJiods tried, and many more sug- 
gested, those of SchafTijer, Mond, MocTear, are the most 
important. The method devised by Schaffher and by 
Mond, independently of each other, consisted in par- 
tially oxidising the “ w^oste,” and then adding hydro- 
chloric acid, wliich precipitated a portion of the sulphur 
in the fi-ee state, which was collected, washed, dried, 
and used ba sulpliur. This, however, only recoverod ' 
about one-thii'd of the total amount of sulpluir prosent ; 
and the large amount of acid required in the process, 
amounting to about four tons of acid, at sp. gr. 1-15, 
to each ton of sulphur obtained, was an objection to 
its genei'al adoption. By Bchaffner Helbig's method 
90 to 95 per cent, of the sulphur is regenenited, and 
in the form required by the alkali maker— namely, 
vitriol. The following ia a description of this process ; 

The alkali waste is collected in large tanks with os 
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much expedition as possible, as one of llio 
of the pro(^OMS is tliut exposure of tJie waste to the air, 
partly oxidising the sulphur compounds, causes them 
to resist the subsequent processes. In these tanks 
the freslily-dmwn waste is treated with j.«)lution of 
magnoflium (ihloride, in quantity sliglitly more thiin 
is required for eomplete decomposition. Tim l»est 
strength of solution is 1*15 speciiic gravity. The 
action which now occurs is tliat the sulphur contained 
in the waste is liberated lu the form of pure sulphu- 
retted hydrogen gas, the (calcium is converted into 
cbloiide of calcium, and the magnesium thrown down 
as magnesia, as represented by the equation : 

CaS -f MgOlj + HjO = CaCla + MgO + H^S. 
(calcium sulphide + magnesium chloride + water yield 
calcium chloride, magnesia and sulphuretted hydrogen.) 
The HjS HO obtained may be treated in two ways for 
the conversion of the sulphur into a commercial 
article; namely, ( 1 ) by acting on it by sulphur 
dioxide, whereby pure sulphur is precipitated as a 
fine yellow powder, which is washed, dried, and sold 
as sulphur : — 

iiHgS + SO 3 = 3S + 2 H 2 O 
(sulphui-etted liydrogen + sulpliur dioxide yield 
sulphur and water); ( 2 ) by first passing 
through cold water, to remove the steam which is 
given off* with it, and tlion leading it through a 
water-scaled cast-iron pipe into a hydraiilic-sealud 
cast-iron chanibor, thonce into a brick oven where it 
meets a series of gas-flamos and is burned, forming 
sulphuric acid, as represented by the equation II 2 S + 

4 0 JlgSO^. The vitriol thus obtained is said to be 
almost chemically pure, and after concentration is fit 
for all purposes for wliich tlie best oil of vitriol is 
used. 

Reverting now to our first e<piation, repi'Osenting 
the action of MgCl^ alkali waste, wo sliowed that 
besides HjS there is produced magnesia and calcium 
chloride. Tliese two valuable products are recovered hy 
an interesting reaction — namely, by j)assing carbonic 
acid through the contents of the tanks, whereby the 
lime is precipitated as carbonate or chalk, and the 
magnesia convert.ed into the chloride. The litjuid is 
then run into filter-presses ; and the chalk obtained 
on the filter is sold, and the solution of MgClj producjcd 
is eva|)orated down to the retjuii'cd specific gravity, 
namely 1*15, and used over again in the process. The 
COj used in the latter opei-ation is obtained most 
economitjally from the lime kilns of the alkali works, 
where the mantifactnro of lime is gen emlly earned on, 
for the making of caustic soda; it is most advantage- 
ously applied under pressure. 

12. To Oalonlata tbo Oontonto of Oiitemi, or Iron Taaki. 

In Note No. 25 we gjive rules useful in the cose 
of rectangularly-shtiped tanks — that is, where the sides 
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arc at right angles to the ends, The following are 
the rules for finding tJie contents of cylindrical tanks, 
or 1 I. 0 SO eii-eular in section, wlu'n! certain data are 
given, ( 1 ) When the diainoter and the <h‘j)th are 
giv^on. — It in f(‘et and inches, rcdiu-o to incJies, then 
s(|unro the Jiumber of inches in the di»niuter of the 
eisiern and mnlti])ly the result by ‘78M ; inulti})ly by 
the number of indues in tlm dejitli of thi‘ cistern: 
the quotient is the number of gallons whicli the 
cistern of the given diameter and depth will contain. 
( 2 ) When the number of gallons which the tank or 
cistern should contain is given, as also the depth or 
height of the space in which it can be placed, t() find 
the diameter which should bo given to llio cistern or 
tank.— Take the number of the gallons, and nuiltiply 
it by 277;j j divide the product by the number of inches 
in depth of the tank, and divide the result by -7854 ; 
then the square root of the quotient will give in 
inches the required (iiameter of the tank. (3) When 
the diameter of the tank or cistern is given, and 
also the number of gallons which it is ro(j wired t<» 
contain, to find the depth or height which must be 
given to it.— Take the number of gallons, ami multiply 
this by 277,} ; divide the product hy the Wjuart^ of 
the diametei’ in inches; multiply the result by *7854, 
and the quotient will give in in(.*hes tlie d<‘pth or height 
reijuii'ud. 

48. To find the Depth in Inohei of a Tie Beam* of Fir or Pine 
—the Length of Span or Bearing in Feet, and the Thlokneee 
or Width on Edge being given. 

Take the span or bearing of ilie tie beam in fetJl, 
divide it by the cuho root of the tljickness or width 
in inches, and multiply the result hy 1'47: tlie 
quotient is the depth of tlie tie beam in inches rerjuired. 

44. Data for Building Caloulationi and Eitimatee 


(1) Wv}f}ht 

In jmuidH nfn 

Onhh Foot of dijjooont kindn 




hnhio. 


'i'enk . 

, . . «I(J 

i Wabint . , , 

42 

nuk 

. . . TiH 

j Hi^a fir ... . 

47 

Aimtric.'in <*nk 

. 42 

1 Mcmcl fir . , , . 

;j4 

Ash . 

. . . '•2 

J St^otcli (ii* .... 


Kim . 

. * . 42 

White Anit-ricnu sprut'c . 

:{4 

ileech 

. . , 4S 

Yellow pitu} 

28 

.Sycarijare . 

. . . ;;s 

i Pitch pii)(! 

41 

I’opJiir 

. . . «4 

; MuJiovuiiy (IhuidiiriiH) , 

4u 

CheHt.rjut , 

. . . »H 

Mah(i|.^it)iy (Spanish) 


(Jedar . 

, . . »a 




45, Capacity of Well*. 

A cubic foot of water contains, or is crjiuil to 
gallons, or, wliat is the same thing, each < uhic foot of 
excavation is equal to OJ galls, of water. Taking the 
diameter of a well to he 3 ft., <jueh foot in depth 
will contain 44 galls, ; if of 4 ft. diameter, 78 galls. ; 
6 ft., 122 galls. ; G ft., 17G galls. ; 7 ft., m galls. ; 
8 ft., 313 galls. ; 0 ft., 390 galls. ; and 10 ft. in 
diameter, 489 galls, foi* eiMih foot in deptli. 

* See paper in text cntitlcfl “The CarpcDtei,” also “ Die- 
tJoimry of Technical and Sclentilic Terms.'’ 
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46, To find the Weight of Eound Wrought Iron Bods or Ban, 
Diameter and length, both in Inohee, being given. 

Sc|vuuc thu (liaiiiCloT and multiply it by '7854, and 
the product by tJio length in in<;lics; divide tliu result 
by ilu) *'(' 0 ustani" (sco Diclionaiy of Toehnicul 
Toi'iiis ” under the section of “Ceneiul Science '’) 8'0, 
ami the (juoiient is the weight in j^onnds, • 

47. To find.the Weight of Platei, Bare, and Balle of Metal, 
(o) To timl ihe w’eiglit ol' a plate of metal. — Find 
the nuinlx'r of cubic inches in the phite (by multi- 
plying the length, the breadth, and the thickness 
into one jinother), and multiply the number found by 
one or othen* of the following constants,” according 
to the metal: (Jast iron, *27; \vj*ought iron, *28; 
steel, ‘28; copper, '31; br.ass, 'SO; gun-metal, *31; 
zinc, '20 ; lead, 'll. Or, for plates of wrought iron, 
of which there are 3*6 cubic incJics to the pound, 
divide the number of cubic inches in the plate by 3*6. 
{h) To findtlie weight of round bars of metal. — Square 
the diameter and multiply this by the length of the 
bir in inches, and tlic product thus obtained by the 
following constants : Cast iron, *206 j wrought iron, 
'216; steel, '223; copper, *253; brass, *238; zinc, 
'204 ; lead, *322. To find the weight in one foot of 
length of a cast-iron bar, squai-e the diameter, divide 
this by 4, and multiply the quotient by 10. To 
find the weight of a cast-iron bar whore the length is 
taktjn in feet, in place of inches as above, scpiare the 
dinmotei', multiply this by tl>e length in and the 
r<*su]t by 2*48. Tlie “constant” for wi’ought iron for 
the same rule is 2‘G, (c) To find the weight of a hall 
of cast or wrought Iron.- Take half the diameter in 
indies, cube this and divide it by 10; add tlie result 
to the amoimt of tlie cube of half tlio diameter of the 
splicrc, and the result will he the weiglii in pounds. 

48. To find the Siie of the ‘«£yes ’’ of Ilnki. 

J\lake tli(‘ outside diiiiiieter of the eye equal to 
tu’ico tJie (liMiiietiT of the jiJii jiassed through it ; then 
iiicrc.‘is(dlui ihickiiess until the recpiisite sectional ai'ca 
is oh<aine<I. 

49. Crashing Weight on Fieri of Masonry and Brickwork 
in relation to their Height or length. 

7Vjo in '/gilt of stone piers .should not CA'ceed twelve 
limes tlie diameter of the base or cornice, or the sqiTaro 
of tlie base. The load iJioy are made to support or 
carry .should not CAceod ono-tonlli of the weight ealeii- 
lared to eru>li or disintegrato tht» iiialerials of whieli 
thr.se jnei-s ari^ built. The following gives the weight 
ill tons ]»er .square foot to jn-oduee oruNiiing fracture 
or disintegration in various building uialoriHls: — 
Aberileeii granite, fiOO tons; Peterhead granite, 400; 
Freestone, 200 ; Hath, 80 ; Limestone, Magnesium, 
100; Sandstone, .‘350; Marble, 400; Briekbat, 70: 
Ordinary or ooiumou bricks, 40 ; Fire-brick, 70; Ordh 
nary bidekwork, set in mortar, 20 ; if sot in cement, 

30 ; ^lasouvy set in rubble, 20 tons per square foot. 


80. Hmnber of Cubic Foot of various Timbers to rnakA 
Ton in Weight. 

111' . 

Mcnn'l (N). 

Sfolcli 111' . 

Anuii‘i(*:m wliito hdi'iico 
ydlowpinc . . ' 

Fite.li i)iin' 

Walnut 

Alalnigaiiy CNoiiduias) 
Muhogiin.v C^pJmiHli) 


one 


Teak . 

Eiiclish oak 
America a o.:k 
Ash . 

Kim . 

] leech , 
Lai'ch 
Chest nut , 
Hycanmrc . 
I'oplftv 


18 

its 

r.:t 

•lit 

r.it 

15 

72 

■)!» 

GG 


•IS 
Gtl 
Gs 
Gi; 
Si I 
5-1 
5lt 
GS 


01. Dimensions of Joists for Single Floors. 

Single floors (.see the series of pajairs in the text 
entitled “ Tlio Caiq>entor ”) constitute the simplest 
variety of this class of carpentry work in house 
construction, and consist simply of timber joists laid 
from wall to wall, a usual distance botweeri the 
joists being twelve to fourteen inches from centre to 
centre. The joists in the poorest class of w'ork rest on, 
and ai-e built into, the walls ; in a better clas.s they 
rest on, and are spiked or nailed to, timber wall 
plates built into the wall; instill higher class work the 
joists are notched as well as spiked to the wall plates 
(see “The Carpenter”). The following are the 
dimensions— technically termed “scantlings”— of joists 
for single floors, with spans or bearings— distances 
from w;xll to wall — of diflerent lengths. The span or 
beaiing should never exceed 15 feet for this class of 
flooring Length 6 feet, dimensions 6 inches by 2 
inches; 8 feet, 7" x 24"; 10 feet, 7^" x 2J"; 12 feet, 
8" X 2i"; U feet, 9" x 2ji". 


68, Speoifio Onvity of Various Woods. 

Oak, '085; Kim, *800; Ash, *845; Beech, '852; Ye^v, 
'807; Fir, *657; Lime, *604; Cedar, *561; Poplar 
(common), *833; ditto (silver), *520; Ai)ple, *7.33; 
Tronwood, 1*210; Creonheart, i'200; Ebony, 1'080; 
Boxw’ood, 1*050; Cork, 0*240. 


53. Belative Values of Timbers or Woods in regard to tbelr 
Transverse Strength or Besiitanoe to Cross or Breaking 
Strains. 

Taking KnglisJj oak as the standard, or 100, wc 
have for (2) Aijiorio.‘in oak, 86; (3) Elm, 82; (4) Ash, 
119; (5) Beech, 103; (6) Tjjirch, 103; (7) Sycamore, 
81; (8) Chestnut, 89; (9) Cedar, 62; (10) ’Mahogany 
(Honduras), 96; (11) Mahogany (S]mni.sh), 67; (12) 
Walnut, 74; (13) Poplar, 50; (14) Memel fir, 80 ; 
(15) Higa fir, 80; (16) Scotch lir, 60; (17) American 
yellow' pine, 99; (18) American white spruce, 86; 
(19) Ainoricnu jutch pine, 82 ; (20) 7\jak, 109. 

04. Buie po ascertain the Length of a Beam of Blga Fir to 
carry a given Weight, the Breadth or TJileknesf and the 
Depth being given.* 

Square the depth in inches, inultii)ly this by the 
widtli or thicknes.s, also in inches, and by 1325 (this 
“ constant ” w'ill vary as the timber used varies), divide 
the product by the woiglit in pounds; and the square 
root of the quotient will be the length required of the 
beam. (See a succeeding note on “The Factor of Safety.”) 

* Sec text paper under the title of “ The Carpenter." 
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(]4) 8 <?io Note No. 13 on ** Fuel and its combustion**’ 
Hie kindling of a mass of coalf which is a gi'adual 
process, the heat given out by the part first kindled 
serving to “ set tiro to *’ another portion, and this to 
a third, depends largely, for the rapidity with which 
it is can'ied 09 , upon the mechanical or physical 
condition in which the fuel is being used* A lump 
of coal of some pounds weight is much more difficult 
to “ set fire to ** than a piece of an ounce or two in 
weight, and small pieces of a fraction of an ounce in 
weight more easily “kindled” still; and uniform con- 
dition and size in the pieces of fuel make it more 
uniform in its combustion, and the heat products 
more easily to be managed and more readily to be 
i-elied on. Watt, the inventor of the modem steam' 
engine, whose scientific precision seemed competent to 
take in what his great motor would be in all future 
time, saw the importance of attending to the “condi- 
tion ” of the coal used in raising steam in his boilers, 
and gave precise instructions how it was to be dealt 
with, On this important point of condition of fuel 
we shall have more to say in a succeeding note under 
this section, A lump of coal, for example, has so many 
increments of heating power looked up or occluded 
within it, the mechanical equivalents of which are 
capable of doing so much work. With a small 
amount of kindling heat, so to call it, to raise the 
temperature of the whole mass or lump will obviously 
take a long time, the difficulty being to get at the 
parts within the lump; and to get at them a high 
temperature continued for some time is necessary, 
the heat breaking or crumbling up the mass into 
many piece.?. The smaller pieces -^l obviously be 
more readily “set fire to”; and we can conceive of 
different qualities of coal having such different break- 
ing up or crumbling properties that the combustion 
of some, or the getting into the condition of what is 
called bright burning, will be slower — that is, will 
require longer time — than others. Some qualitioK 
of coal are more readily and easily brought nj) 
to the combustion temperature than others — in other 
words, have a greater facility for entering into 
combustion with the oxygen of the air, the presence 
of which in all c‘ases of combustion is assumed as 
an absolute necessity; a fuel without oxygen being 
as little a combustible as a paving stone or a brick. 
But in all cases the element of “condition” of the 
fuel must be considered as of primary importance. 
Two distinct qualities of coal, for example — one good, 
the other indifferent — may be so different in condition 


that the indifferent fuel, in n condition which Aida the 
combination of oxygen with its constituents imdet the 
intiuenco of boat, will kindle more rapidly, and upon 
the whole be more readily and easily “ stoked,” than 
the coal of better qxiality whicli is in a (condition 
unfavourable to the coin bin ation which produces 
combustion. Hence, simply by taking advantage of 
this principle of condition, furnaces are now in <laily 
use in which the veriest refuse of coal gives large 
supplies of heat. The whole tendency of fuel com- 
bustion management of late years has been to carry 
out the principle of division of the coal ; and this 
BO that the combustible constituents shall be presented 
to the action of the heated oxygen in a way so 
favourable to the combination of oxygen and fuel 
constituents which promotes combustion, that the 
finely divided particles of fuel are flashed into flame 
with almost the rapidity which gunpowder displays 
when the heating (lighting) agency is pr^nW 
to it. The “ gas producer furnace,” in conjunction 
with the “ regenerative stove or furnace,*^ has thus, 
through the genius of the late Sir William Siemens, 
made available nil sorts of combustible substances, 
and given a high value as heat producers to what 
were perfect nuisances; and by the means of these 
contrivances it may be truly said that the art of 
applied heat has completely revolutionised tlie oast 
iron and steel making, and given to many processes 
high temperatures formerly on the large scale wholly 
unattainable. Tlie gaseous fuel, the result of the 
8 iemen.s furnace, is simply a change of the condi- 
tion of the fuel constituents, so dividing large lump 
into small pieces, that they are presentee^ in the 
aeriform condition in which, when exposed to the 
action of heated oxygen, tlie combination is so quickly 
effected that flaiuo of an intense temperature is 
iiistn nt.*f neously produced . 

(15) ou some of the Meciianiccd nr Phynoal 
Features of the Air or Ordimry Aiinosphere.'-^Uhe 
weight of a cubic foot of air at tlie average or 
normal U'mporature of Fahr. is ‘07G1 of a lb. 

The height of the ntmosphere being 2G1 1 9*819 feet, the 
weight of a column of this height, tl/e base of which 
is 144 s(piare inches, is '2118-854 lb. avoinlupois, 
and dividing this by 144 we have 14*711, the 
weight or pressure ujion each square inch of the 
base of the column. As this is within a little of 
15 lb., this latter sum is usually named as what is 
called the “atmospheric pressure” on each square 
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inch of surface of all bodies exposed to it. This, 
however, represents the pressure at tlie surface of 
the earth, or at what is technically called the sea 
level ” ; at which i)oint the pressure, as measured by 
the barometer — tlio degree of heat being at the time 
that displayed by ice melting — is 29*922 inches. As 
this is within a fraction of 30 inches,” this is taken 
as the standard lieight ” from which all depressions or 
the reverse in the atmosphere, os shown on the baro- 
metric scale, are reckoned. If we measure this normal 
or ordinary presstire of the atmosphere by that of the 
elements of water, we find it represented by a column 
of water 33*831 lb. per square inch, the weight of a 
(nibic foot of water being estimated at 62*5 lb. avoir- 
dupois. We have thus the means of ascertaining the 
weight of a column of any fluid other than water, and 
which is of uniform density throughout, which will 
be sustained or maintained in equilibrium by the 
atmospheric pressure — ^this height being to the height 
of the mercury in the barometer at the time being 
as the specific gravity of mercuiy is to the specific 
gravity of the fluid, the height of the column of 
which will be balanced by the atmospheric pressure 
at the time being. Properly speaking, if the air 
constituting the atmosphere was perfectly dry — that 
is, absolutely free from moisture — the air pressure, or 
its gravity or weight, would be represented by a 
column 32*1824 feet. But the atmosphei'e is not dry, 
but varies in its degree of humidity or contained 
moisture ; and it has been ascertained that the rela- 
tion of the density of air thoroughly saturated with 
moisture to that which is perfectly dry is expressed 
in the fraction of which 10,000 is tlie numerator and 
99,749 the denominator. Tn reference to the pres- 
sure of ah' indicated by columns of water and of 
mercury, it is worth noting tliat the specific gravity 
of water being to merouiy as 1 to 13*5, the ranges of 
variation of any two scales in which water and 
mercury aro employed to measure ju'essures will be 
as those num l)ers invorscly, ho that a variation in 
Uw height of one inch of the mei'cury column will be 
ecjuai to or be I'cpresented by 13-5 or 13^ inches in 
the water column. 

(16) In Note No. 4 a brief l emark is made ns to 
the effect in Portland cement of a mixture of sugar 
with it, of hastening the “setting.” When used with 
common lime mortar it adds greatly to its cohesive 
sti'ength ,* so much so that practical men state that it 
makes ordinary lime, used in the making of mortar, 
equal in strength to Portland cement — that is, the 
cement as used in the ordinary way, without the 
addition of sugar or saccliarine matter. In one ex- 
periment, a mortar was made of 1 part common shell 
lime to ] ^ part of sand, with water to each gallon of 
which is added a pound of an exceedingly coarse cheap 


sugar used and known in India as goor or jdghry, 
Bricks joined with this sweetened mortar, which set 
in thirteen hours, broke with an avejuge bi-eaking 
weight at the joint of lb. Bricks joined with 
precisely the same mortar, but without the saccharine 
matter, showed the average breaking weight at the 
joints of ^ lb., giving an increase of strength in the 
sweetened mortar of over 30 per cent., or one- third. 
Dr, 8. Crompton, to whom the scientific world is 
indebted for much interesting information on this 
subject, points out also that frost has no deleterious 
influence on mortar sweetened with sugar. This 
alone would give great value to the method; for 
those of our readers who are concerned in building 
operations know, many of them to their painful cost, 
how frosty weather puts a stop to all work which is 
to be honestly well done. In another note we shall 
have one or two remarks on the scientific aspect of 
this method of dealing with Portland cement and 
with ordinary limes or mortars — a method which it 
appears from pretty good evidence was practised by 
our ancestors in this country, has been practised from 
time immemorial in certain parts of India, and going 
further back into history, practised, there is good 
reason to believe, by the Romans, if not by a people 
who flourished earlien still — ^namely, the Egyptians. 

(17) Accidents arising through the use of illumi- 
nant fluids, known generally as the paraflin oils, are 
now unfortunately of common occurrence. These 
arise through the great ease with which some of 
the oils flash into flame at exceedingly low tempera- 
tures, and the extreme difficulty there is of ex- 
tinguishing the flame when once it is created. All 
of what are called by the common name of the 
paraffin oils require to be dealt with with the greatest 
care. The necessity for this care is shown by the 
number of the most painful accidents taking place 
continiioufily, and may be explained and Enforced by 
many facts. In our notes on “Fuel and its Chin- 
bustion” (see Note No. 13 and others) the reader 
will find explained what combustion is, and how an 
iinpoitant element or factor in the process is the 
oxygen present in the ordinary atmosphere or air, 
but which must be boated up to a certain temperature 
— varying with the kind of combustible or fuel — 
before the oxygen can enter into combination with 
the combustible constituents of the fuel, and flash 
into flame, and create what is called artificial heat. 
Now, parafl^i oil is a fuel, but a liquid one, just as 
ordinary lighting gas is a gaseous fuel. And in the 
case of both of these fuels the temperature at which 
the air which provides the oxygen necessary to create 
and promote combustion, compared with that required 
for solid and dense fuels, such as coal, is very low. 
Hence the danger in dealing with paraffin. 




















THE STEAM ENGINE USER AND MANAGER («e r«o 

DETAILS OF Dtefl-PDESSURE STEAM E/tG/XE. 







THE ORNAMENTAL WORKER IN METALS (*«<> r«0. 
THE ELEMENTS Of ORNAMENTAL IRON-WORK. 




Thf' Tcchnu^d 


[Plate XLVJ 


TEOHSriOAL EDUOATIOI7 

IN ABLATION TO 

THE PRESENT CONDITION OF OUR INDUSTRIAL WORK. 

# — — 

The Foiition of Maiton or Employort in Bolation to lAdui- ^ho pages of the Indu^^tkial Sij^LF-lNSTRUOTOR fob Homb 


trial Ednoation.— A Knowledge of its Prinoiplei and 
Bnlideoti of Vital Importance to them. 

With regard to those who Imve the prospect of becoming 
masters, employers of industrial labour, it will perhaps be 
matter of sui’prlse to some to bo told that much of the future 
of the industrial trade of our country is dependent upon the 
way In which our masters of the future are trained. But 
too many evidences exist around us to show that the special 
training of those youths who arc likely, from their position 
as tho sons or relations of those who own largo concerns, to 
l>e masters of the future, has never b(jen systematically formu- 
lated. But there is amongst all thoughtful, practical men 
almost, if not quite, a universal consensus of opinion to the 
effect that the special training of employers will be one of 
the most effective factors in the solution of tho great question 
how to retain, if we cannot increase, our national trade as 
industrial workers, Much of what we have said in relation 
to the manager applies to tho master ; but tho master has 
duties and responsibilities which do not fall upon the manager. 
In finding out new markets, and in the way of working those, 
there lies an amount of work In special training which few 
have thought of, but which are simply of vital iinportanoo 
to us as a people. Our foreign rivals, our great competitors, 
afford themselves perhaps tho best examples which it would 
be wise in us to follow. Take the Germans, perhaps the 
keenest and ablest of these ; they are not indifferent to the 
finding out of new markets, however far afield they have to 
go for them ; and their skill in initialing a method or methods 
of working them to the best advantage is as distinguished for 
common-sense ability as the way they go about the carrying 
of these methods out. Their facility— at all events their 
industry— in acquiring a knowledge of languages othei' than 
their own, enables them to oi)en up communication with the 
new peoples they wish to trade with, and they make use of 
the knowledge in the most practically common-sense ways 
l)OSBible to them. However prejudiced they may be with 
regard to the peoples they have opened up trade relations 
with— and German national prejudices are not a whit less 
keenly developed than our own— they take tho greatest 
pains, by mixing with all classes familiarly, to learn their 
wants in the way of goods ; and- when they know them they 
are not slow in making the articles. Their education at home 
is specially designed and carefully carried out with a direct 
view to enable them to be the best pioneers in opening up 
new markets, and in ingratiating themselves with their people 
so that they quickly become their customers. In brief, they 
make their trading and , their commercial system a science, 
and adapt their home educational system to) the teaching of 
this, BO that they send out to all parts of the world merchants 
and travellers who, in too many instances, beat our men out 
of, or largely out of, the market, who have not the same 
adaptability to new eireumstances, and have not as a rule that 
cosmopolitan knowledge of men and manners, customs and 
language which their competitors have. And this, so far from 
being foreign to our subject, bears in the closest possible way 
upon it, and goes to show the necessity for classes who have 
hitherto been considered as independent of industrial educa- 
tion henceforth l)ecoming clearly and intelligently acquainted 
with all its branches. Hence masters, or those who are likely 
to be sueh in the not remote future, may find something in 
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Study which cannot fail to be of the greatest practical value 
to them. 

The Bnooeis of a Bystem of Induitrial Eduoation Btrletly 
Dependent upon the Maintenance of a Oertain Definite 
and Dual Eelatlonshlp, 

As in the actual carrying out of industrial work in the 
factory or the workshop, pecuniary success, and assuredly 
pleasure in the doing of it, as well as a steoily continuance 
of its remunerative labour, are largely dependent upon the 
way in whicl) the dual relationship of employers and em- 
ployed is arranged and maintained, so also is it into that the 
individual system of industrial education is for its assured 
Bucoess largely dependent upon the maintenance of a dual 
relationship l^twoon the subjects of Homo Studj/, which 
are purely technical or scientific, and which are gained by the 
exercise of the Intellect only,— between these and certain habits 
of study and action l)earing upon the doing of the ac‘-tual work, 
thus embracing tlie work of study and that done in tho factory 
or tho shop. And wo should be ill fulfilling the gravo respon- 
sibilities connected with tlie duty which devolves U]X)n us 
as publishers and conductors of so important a woik as (miti 
if we did not point out in tho plainest and most distinct 
manner that, unless this dual relation ship just now rcfcrrcil to 
be carried out with strict integrity atul honesty of detcrinh»ed 
will and purpose or plan, tho golden dream wliich so inauy 
indulge In as to what industrial education Ih to do for tho 
nation will not be realised. If certain habits in relation to study 
and to actual work do not exist, or arc not cxondHOd, all the 
technical or scientific knowledge of the work will poHscHS 
little practical money-making value. Some of those hablU 
applicable alike to study and work will bu named with greater 
or less detail in tho paper in the text of this work enf illed 
The Workman as a Technical Btiidcnt, What to Htudy and 
How to Study,” and exemplified here and tlicre in aiJpropriuto 
paragraphs in more than one of the ]>ructical papers in the 
body of the work. Them arc others, however, which, of great 
importance, demand some notice here at our hands. For 
such habits were amongst the most powerful of the iutlucnees 
which built up, so to say, the solid structure of EDglish repu- 
tation for turning out the best work in tho best jiossible way 
both os regards efficiency and economy of pi'oduetiun. And 
if what has done so much for us in the pOMt is not (loerned 
likely to do something valuable for us in tlie future, ail the 
scientific and technical knowledge which may be imparted to 
our workers will bo but of little Kervico in enabling uh to 
meet tlio stern competition which facies us in all the iriarketH 
we once wholly called our own. Kor in tho fact unworthy of 
the most serious oonsldcration as constituting a factor in all 
our calculations or ciuesiious regarding tochnicuil education, 
and what it Is supiioscd to be able to do for us, which must 
be taken Into account if wo are wise,— that in the opinion of 
eminently practical men, of large and wide experience in 
industrial work, much of the trade wo have of late years lost 
has been lost, virtually handed over to emr foreign competitors, 
through neglect of or indifference to those very habits which, 
as we have said, made at one time that high reputation of 
our country to which we have referred. No question, therefore, 
can be more serious than this. And it will rest with ourselves 
whether that reputation shall be won back where we have 
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lost it, and retained where we still possew it. And if we 
decide In the affirmative, the cultivation of those habits must 
form a much more definite and decided place in our national 
system of industrial education whenever it is, if ever it be 
established, than, to judge from what they have said, the 
loudest talkers on the subject seem to have thought of. The 
fact must never be lost if wc are really to approach to, or 
obtain the realisation of, the hopes which the advocates of 
what they call technical education hold out to us t that all 
the marvellous work — for it is neither more nor less than 
this- -which our ongfinoers and machinists, our iron makers, 
our practical chemists have done in the years which are past, 
the building up of that grand reputation as makers to which 
wo have referred, was done not with the aid of, bub in spite 
of, the almost utter want of all those facilities for education 
which form part of what is now called toebnloal education. 
And all this was done, moreover, not with the help, but in 
the almost absolute default of the many machine tools and 
workshop appliances which engineers, machinists, and other 
industrial workers have now at their command. 

Brief Considerations in Begard to the Belation of Industrial 
Bdnoation to the Actual Industrial Work of the Home 
Btudent. 

The habits in connection with the doing of work, to which 
pointed reference was made in the preceding i)aragraph, will 
he found detailed in the paper in the text, << The Workman 
as a Technical Student, How to Study and What to Study ” » 
In some of the paragraphs in The Industrial Students' Note 
Book," which form part of this work ; and incidentally, but in 
close connection with the actual work done, in several of the 
practical papers in the text, such as ** The General Machinist," 
“The Joiner," “Tlie Carpenter," “The Brioklnyor," “Tlie 
Stone Mason," and in the earlier paragraphs of “The Student's 
Introduction to Mechanics." Good service to the home student 
will be done if the brief space still remaining of this paper is 
devoted to one or two considerations of great importance to 
his work and study. The latter must be always carried on 
with the distinct understanding that it leads up to his actual 
work in the factory or workshop, and that the results of both 
^study and work — ore absolutely dependent upon himself. 
Education is, to paraphrase the words of a great man, first, 
the education we get from our teachers ; second, that obtained 
from ourselves. And of the two the last is the mote important 
in its influences. Men who have made their mark " in 
industrial work of any kind will confirm without hesitation 
the truth of this statement. In the course of his self4netruo^ 
tion let him study closely the way in which work is actually 
doTiOf as well fis the principles upon which the work is based. 
And from the moment he enters upon his apprenticeship he 
must begin that course of close observation and intelligent 
comprehension of all the handicraft details of his workshop 
or factory— that self-education in actual work which may be 
said never to end, as the wisest amongst us knows that ho 
never ceases to learn. Here, although he may have his atten- 
tion directed by others to much that is worth knowing, every, 
thing depends upon himself. No one can take his place so 
efEectivoly as a teacher but himself. And granting that he 
has what wc deem essential (for without it no progress will 
bo made)— namely, a liking or a taste for the practical calling 
he has chosen to work at so that working he may live— he 
may be largely gifted with that instinctive feeling or intuitive 
notion that he can do something worth doing : he knows that 
he can do it. This faculty should be carefully cultivated, 
even though he has it developed in the marked degree which 
some have. And many more, we may remark, have it than 
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is generally supposed ; and it is to them simply invaluable, 
for they can tell at once by “ how the work looks " whether 
it is well or ill done. Whore the feeling la only partially 
existent, or but feebly developed, a vast deal can be done by 
patient and careful training. And In this again the best help 
is self-help. None the less fortunate, however, will he be if 
he meets with some clever friend who will guide him in this 
training, or a teacher of some technical school who himself has 
the ability to perceive what a powerful factor is this intuitive 
knowledge of what is good work and how it should be done— 
a recognition, be it noted, bat too rare, we fear, in technical 
schools, whore the tendency to keep to theoretical and “learned" 
teaching is all too great. In everything the self-instructing 
industrial student docs ho must he honest with himself, to the 
end that it is done thoroughly, as well os it can be done. If he 
“ takes a pride " in his work, he will he sure to bo “ thorough " in 
all he docs. It may well be an open question in how far our 
trade is lessened and competition increased by a decay of this 
“ taking a prido in one's work " on the part of so many of 
our workmen. This was the secret of the grand work done in 
days gone by. Another important point in tho self or home 
education of the industrial student, and one which may be 
said to flow out of or to be supplementary to the last 
consideration, is the absolute accuracy with which every detail 
of his work is to be done, so far as this is attainable. ,How 
much of this is dependent upon the training of the eye to 
distinguish forms and appreciate distances and dimensions, 
let the ablest and most skilful of our mocbanics say. To 
attain this facility to do accurate work it is, therefore, not 
merely necessary to possess manipulative skill to do tho work, 
to make required forms, but to be able to know whether such 
forms are in themselves accurate ; and this can only be done 
by the teaching of long-continued comparative observation, 
for it is only in so far us we can tell that differences exist 
between one body or form and another that accuracy is attain- 
able. And how much, oven now that we have abundance of 
machine tools of precision capable of giving us surfaces and 
shapes or forms in an almost endless variety of ways, is 
dependent upon the work which the eye and tJie hand of man 
can do, so that if we require tho utmost accuracy attainable, we 
shall have to bring in to the aid of our finished machine tools 
the aid of tho skilled handicraftsman I From these and other 
considerations much might be named hero did space i)crnilt. 
And it will bo observed that there is a field as wide as it is 
important in which the home student of Industrial education 
can exercise those gifts with which he is endowed towards 
his improvement in tho peculiar branch or branches of study 
in which bo is specially iuterosted, and still farther enhance 
the value of those gifts by their careful cultivation. A field 
also not less wide and important in its issues, in which he 
can exercise those habits, alike of work and. of study, without 
which all the technical knowledge which lie can obtain by 
home study or time given to him through the medium of 
teachers outside the home will be of little value in improving 
the condition and in brightening the prospects of our national 
industrial work. We have shown that, as in this great national 
work a combination of help of individual exertion and abilities 
is necessary, one class not being in any scuse independent of 
the other; so in like manner, in rcgarrl to the student, a 
oombination of habits and of effects is necessary in order 
to obtain all the advantages ^which flow from a oareful or 
systematic, and an honest, earnest arrangement of Industrial 
self-edncation at home. What those combinations in both 
directions are, and the points which constitute their chief 
value, we have in this paper briefly glanced at: their function 
and further consideration will bo met with in the papers in 
the text to which reference has been made. 



THE UTOyE MAHOy AS A TKVJIXJVAL WOltKJili. 


IHE STONE MASON AS A TECHNICAL WOEEEE. 

ThM AND I'RACTICK OK AND THE 

Materials he emim.oyh in. iiifs Wokk. 

CHAFrEll JV. 

Bond in Courted Bubble-work Walls. 

N the lnHt li^aire (23) in proocdiug (diapter we illus- 
ed what is termed a ** through ” oi* through 
^toiio.” This figiu‘0, taken in conjunction with 
lext tiguve here given (24), ilhistrato llu> way in 
which bond is t)l)t:nnod in “coursed rubble work” 



by sotiing (ho blocks as “headers” and “ sl-n.Lchers/’ 
:he “header” a n, in hg. 23, being in this case a 
“tlirongh.” sk(d(di in fig. 24 shows an elevation, 

ind how the blocks all “ break joint.” Eig. 7 (anf/?, 
5, 24) illustrates iho cross sect ion of a. wall in coursed 
rubble work in which no “ Ihroiiglis” arcs ein[)loyod — 
lull only “ longs aiid shorts,” the intcTior of the wall 
being made of rougii or mndoni or stnall-sized blocks 
of various dimensions, .as shown. Eig. 9 illustrates 
another section of a. wall coui'sod rubble \>ork in 
whicii no “ tlii’oughs” are omj>loyc.M], l)ut only “longs 
and shorts,” forming in tlu‘ clevatitm “headers” and 
“ stretcluM's,” In tliis illustration the interior or 



h'lg. ‘->6, 


“heart” of the wall is inado np with “rougli oi* 
iiindom nibble” well grouted with mortar. Fig. 8 
shows in elevat ion how “ bimking joint, ” is obtained 
work partially employed. Fig. lH(p. 1*21 ) illustrates 
in coursed nibble in the (tent re of the wall, t he blocks 
being of v.aried diinensions, and i*ongli oi‘ random, 
the disposition or placement- of blocks in polished or 
rubbed or tool jointed work, in elevation sliowing how 
the blocks break joints; the corresponding vertical 
joints in the alternative courses all nin, it will be 
obsoi'ved, in the wme line. Fig. 25 is intemlod to 
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illustrate more closely the relation betwoen“ header^ ” 
and “ strotcliers,” the “headers” being shown as in 
section, with cross lines, or “hatched,” as the tech- 
nical torin in wood engraving is. 

Position of Bonding Stones— “ Longs " and “Shorts” at the 
Corners of Buildings ** Quoins.” 

The ]in]»il will p<a'tH‘ive that, as illustrated in 
lig. 26, the bhu^ks which appear in t he elevation to the 
left as “ headers,” in the elevation to the right at the 
corner, or as it is teidinically (lalled “ the i-eturn ” of 
the wall, ap])ear as “stretchers.” On the contrary, 
the hloc'ks which a}>peav as “ strctclicrs ” in the 
section appear as “ headers ” in tlie cle\ ation, and 
r/cfl versd. A little thought will enahh* the pupil 
to undersland how this resull. is a. ncci'.^dly .'irising 
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from the disposition of the blocks of one facie of a. 
wall as “longs” and “slioi-ts,” or “headei’s” ajal 
“ stretchers,” the breadth of a block in the one face 
acting as a “ stretcher,” ohvioudy showing as the end 
of a “ header” in th(^ other face. 

This disposition at the corner of a, wall is the invari > 
.able result of employing “stretchers and header^” 
in its construction. And t-la* stojjcs at this part of the 
“return” of a wall arij technically called “ipioins,” 
various forms of which are illustrated in tig. 27. 
The term is cleaidy a corruption, or rather the 
simple substitution of a “ i^u ” for a “ c,” in the 
spelling of the French word coin — a corner. (Sei^ 
the term “ Quoin ” in the “ C^'clojiaidic Dictionai'y of 
Technical and Trade Tcituk.”) Shakespeare speaks 
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of the “coi^aie of vantuf^o/’ meaning thereby that 
one who stands at or poissosties tlie corner of a 
building or wood comniaiids or c#m sweep witli his 
artillery the two sides of it. “Quoins” are in civil 
architecture, public buildings, and domestic structures, 
generally so ariunged as to form a distinguishing or 
oriiaiiiental fcsature in the design. If the body or 
bulk of a wall be constructed in oouj-sed rubble work 
as at a in fig. 27, or in rough oj* l■alldolll work at />, 



01 ' in irregular riiljblc wlioi'c ili;' sloims art; purposely 
drcssL*d to form odd and various sluipcs, as ut c, the 
(pioin stones nrc usually of polished or rubbed ashlar 
blocks ; or if only 
hammer - dressed, are 
morr carefully tooled 
than usual. The object 
in both cases is to give 
a distinctive because 
didbrent (diaruetei' to 
the (juoin blocks, to 
distingnisli tl»em from 
the rubbh? work of the 
body of the walls. This 
tlieir more si/.o would 
also do. When the 
wliole of tlie wall is 
thus foi-mod of rubble 
work one or- other of the ways, as at f/. b c, the quoins 
arc left plain generally in surface' —?!.«. not mstk^ated, 
etc. — and the joints also are plain, as at d d, e h e. 
When the body of the wall generally is built in polislied 
fishlar work, the “ cpioin ” stone sui-faces are either 
rustic-ated, as at //, with tooled margins rowed or 
smooth (see fig. 14), or the surfaces are finished as at 
r/ after the manner illustnitod in fig, 10. And in 
place of Iraving the joints plain, as in those methods 
now desiu'ibed, they are " wrought to use the tech- 
nical term for worked or tooled — after the manner 
illustrated in fig. 16 (see also i ) — this disposition being 
shown at h h. The pupil will, in these sketches of 
“ quoins,” see another illustration of the disposition of 
“headers and stretchers” at the return or comer of a 
wall ; the long quoin in the sketch, on the one face 
of the wall to the left, appearing as a short quoin 
stone in the sketch to the right, wdiicli is the other 


** Block in Conrie ” WalUng. 

We have still, in addition to the \^arietiefl of tlisj^oai- 
tion of stones in tlie formation of w'alls, to illustrate a 
unxlilicaiioii of coursed rubble work, or what in reality 
is M, compromise, so to call it, between coursed rubble 
work and ashlar work. This is illustrutod in fig. 27, 
and is known as “ block in course.” I’he courses are 
not all of etpial thickness or depf li throughout, but gene- 
rally the thickest slones are use<I at the lower courses, 
tlie thinner at the upper courses, the courses often 
gradually merging into orclinai'V coursed rubble work, 
n’lie deptli or tliickness of tlie thickest stones is, as 
a rule, loss than the average or minimum depth or 
thickness of ashlar blocks. 

Btone combined with Brick in Walling. 

Htoiu'uoik is often combined witli bric'kvvork ; tlie 
brickwork generally forms tluj outer facing of llie 
wall, as at a a, c r, c c, d (/, lig. 28, the interior or 
heart of the wall being filled with vajulom rubble 
work, or, if dissired, witli coursed rubble work— gi'iie- 
rally rough nibble is luiiployed. CJouibiiied brkk and 
stone Nvork is, liowevor, f he rfwerse of this arrange- 
ment ; the outer facings 
being built in coui'sed 
rubbh», as at f/ffy tig. 29, 
the lieart of the wall 
being tilled in witli 
briekwork, as b, in 
all combinations of dif- 
ferent kinds of work 
or materials, .sneh as 
brick with vub])le work, 
as in fig. 20, or witli 
aslilarand rubble woik 
—of wliieli latter, by 
sup])osing tlie outsides 
or faces to be in ashlar 
(»r straight-outlined blocks in place of rough, as shown, 
lig. 7 may be taken as an illustration— the greatest 
care should be taken with tlie “bonding” of the 



different materiak, so an to prevent rupture of the 
courses by uneven Ketblement of the walls, or by 
irregnlfir pressure on them. 
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THE aEOMETBlOAL DEAUGHTSMAH. 

His WOHK IN THE CONSTRUCTION OF THE FIGURES 
AND PROHf.KMft OF PLANE QKOMETRY, USEFUL IN 
TKt’lINICAL WOKK. 

CHAPTER L 

Introduotory. 

Geometry has boon callod a univer,sal science. It is 
diflicult to namo the technical work or art in which 
its principles ere not exemplified and the practice of 
its branches not required to a greater or loss extent. 
Its lines, forms, or fign res, arc met with everywhere, and 
ill its prohlcms are involved principles on which some 
of the most impoj'iant work of man is dependent. 
In the arts of (fonstriiotion, of wlia-t(5ver kind, to iho 
work ol‘ tlie gfaicral artificer its Judp is indispensahle. 
J’n tiie varied i'ornis or bodies wJiicli are made or 
<H)nstrueUjd by the manual skill of the woi'knuni, or 
wrought into an emlloss diversity of shapes or (ion- 
figurations by powerful or delicate machiiuay, its 
linos ajid ligures are displayed ; and many who are 
ignorant of its princij)l4>s are novortlioless in thoir daily 
labour working out the problems of g(MUu(t.ry, on 
nu.thods or systems j)repar<'d for them by those who 
know those [>rineiplos well, hiven in branches of man’s 
work known g(uierally as artistic, and with whicli in 
[lopular estimation geonu'try has little concern, its 
principles are more or lo^s developed in their prm'tieej 
and the jiainter of a, landseapi^ or t>f a figure subject, 
or th<5 tU.'signei* of (lecorativ(‘ ornament, do(^s part of 
his work in ai^oordance with rules v\ hicli are ha, seal 
on fuiroly geometrical problems. 

Wide Range of Fraotloal Teolinioal Work, in which the 
Frinciplea of Oeometry are Exemplifled. 

Rut if it be somewhat ditrafiilt to trace the (toii- 
neelion of the science with some de|)artnients of the 

labours of man — for example, as tlmse just namiMl 

there is a wide range of work in whi(di tliis connection 
is St) obvious that it is apparent oven to the most 
careless of oliscrvers, This \vi<h^ range of work (un- 
braces all the branches of construction, of whatevtr 
kind, be it that conecu-neJ in tlu; various branches of 
building, of machinery, cn* of arcliitecture and on* 
gineoring; as well as in a great number of the opera- 
tions of what may be called general work. The 
bricklayer and the mason cannot erect a stable wall, 
or set out tlu^ directions which it assumes in rcdatioii 
to another, or to other walls, without availing himstdf 
of methods wliich an‘ purc‘l y and essenlaally geometrical 
in their principle. The same is the c^aso with the car- 
pentt!r,iho joiner, the cabinet maker, the machinist, — 
who eaiinoL cut out or form the various pierces or iriem- 
hers of thc^sir work, or put them together to form the 
completes eonstr-uction, without exem])lifyiiig at every 
step of their progress some one geometrical pixrblem 
or another. The metal workei*, the co])persmith, the 


tinsmith or brazier, the boiler maker, cannot cut out 
on the fiat the pieces of metal wliioh, when bent or 
curved or placed togetlier, assume the forms or bodies 
which they desire to ma ke, without availing themselves 
of metho(ls of “setting out” their work which are 
based upon some of the highest, as they are the most 
interesting, of g(^otnetricJil problems. Nor less can 
ilie ornamental or pa(/tern designer, the landscape 
ga,rdener oi' the like callings, which are more or less 
a;rtisti(>*, h(!(^ out their intricate lines and ligures witliout 
the aid of goometiy. Of all this, oxam])les numerous 
and striking are met with in eviuyday life, and will be 
rnoi-e or less fully illustrated in one or other of the 
papers in this wx>rk, iiiicler such heads as “ The 
Oa-rponter,” “The Joiner,” “The llibfklayor,” “The 
Stone Mason,” “ The (.Cabinet ]\la.ker,” “ The General 
Machinist,” “Tlio Young Architect and Eiigiiieer,” 
and sptuiially in stub papers as “ TJie Building and 
M a, chine Draaighi^smaii,” “ 'Tlu! Ornamental Dimiglits- 
rnaji,” and In those jiapt'rs taking up the various 
braiudies of the g(uieral subj(!et of “ Bonn and (Colour 
in Industrial ])<*(^oration,” such as iMonldings, OiTia- 
mental Cariuaitiy Work, Metal Woik and i\la,sonry, 

Tke Geometrical ProblemB carried out in Technical Work 
too freciuently- done by ^^the.Rule of Thumb “ without any 
Knowledge of the Soienoo. 

But, wid(.< as we thus si'c? is the aiqdieation of 
geometi‘ic 4 il problems to tlu^ everyday work ol the 
constructor, tlu' artitietM’, and the (U‘siguer, it is never- 
theless true that in a V(.ay large nutnlxa- of ii)Ktane(^s 
thc'se jn-oblems are work(xl out simT)ly by what is 
(uilled the “rule of thumb.” The methods have, in the 
worksliop, been liamltMl down from om.^ g(‘neration to 
another, and workman nftvr workinii.n does what has 
been done before him in the most absolute ignoninee 
of tlie fact that he is (xaistructing figures or forming 
Ijodies by methods whi(?h ar(^ l)ased on, or lorm com- 
plete problems in geoiU(‘try. Such workmen— and 
they are bub all too numerous — do theii' work, but 
thf‘y have no (unic(q)l ion of the “ reason why ” they 
do it, and why it must be done in that particular way 
if it be done at all. Hence it comes about, as a natural 
consequenc(» of this state of matters, tliat if a,ny work 
is to b(^ set out, figures fornual, or bodies ma«l«s whicjli 
are new to them, involving new giuuuel ricfil (!on- 
stviudions, they are, to use a graphkt plnnse, “quite at 
sea,” and know how to laoctaul. 

Practical Value to the Technical Workman of a Knowledge of 
Geometry. — Boope and Scheme of the Present Paper. 

It is s(!arc(‘ly iKXM'ssiuy to say tJiat if to the 
manual d(!Xt(Tity witli whicli tlay draw old (*stab- 
lishod figuivs, or form tlie well-known bodies the 
mcithods of doing which have been handed down from 
one set of workmen to the other by the rule of 
thumb, they could add a kuowhidgo of the principles 
upon whiidi the work was based, tliat work would 
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lie ull the better. bocMUsc more iiilelli^ently done. 
And with of intoliigence us to the nature 

of bis work will come an inemise of interest in the 
doing of it, and tJie doing of it better will be the 
almost inevitable resSiiIt, It is the union of pracfcicf 
with theory whicli giv'os to pj'actice its higheat value^ 
grefitest help to rapid progress in improvement. 
On this point the reader may read with profit some 
vemnrk'i which he will find in the early paragraphs 
of tlie paper in this work ontitlod “The Workman 
as a Technical Student -How to Study, and What 
to Srudy.” It is quite unncccssMvy, after whet has 
been said, and in view of wJiat the ]■eadol* will have 
foj’ iiimself decided as the right thing to he done, 
to oiler fiu'ther remarks on tlie value to tlie workman 
of a systematic knowledge oi' the .hcicucv of geometry, 
Sot merely as aiding Jiim greatly in doing the work 
iic lias hoen a{*cns/oiricd (o do hotter, because no 
longer dependent u2>on tlie weak sup]>ort of custom, 
Jiabit, or rule of tlninib, but as opening uji to him a 
Tiinge of problems by whicli he will bf» able to nndcr- 
lake a wider and a higlier class of work, and thus 
raise his position as a workman, will (bis syslematic 
study of geometry be of great value to him. In 
(‘ommendng, then, this study, it Is only necessary to 
state that tlu* teclinieal riHjuireiJirnls or wa<nts of 
workman will be cb^sdy loolo'd aft(*r in the arrange- 
ment of the paper under our prestmt title. We shall 
liavc of nocossily to go ov(*r the same ground which 
NO many lan-e t ravia'scd befoi r* us, and this inasmucli 
as in a fixed scienc(‘ like tljat of gi'ometi'y, its con- 
sMaictions and jiroldems ar(‘ ibo same in all c;ise.s. 

But nltlioiigli w<’ ]iav(’ die same ground to go over, 
we shall endeavour to tj’averse its siiiface in a way as 
agreeable and as practifMlly suggestiv(' as possible, 
and may }ieika])s be foi’tunate enough to jiresenl 
old objects nnd(‘r a new asjiect, oi' sngg(‘s( new ways 
in wliicli they may be ajipliod in ]irnctice. Tiie }mper 
is based as a rule upon t^^o exceedingly able and well 
arranged (continental works, from which many of the 
diagrams jllnstrating con,-.triu‘tion have been taken, 
together witli many remarks Ix'aring upon them. 

But, as already hinted at, there will also be iimch 
given in the course of the pajiei'S wliiidi is new, or at 
least which will Jiave new’ a])})licat,ion. Taking the 
paper as a whole, we trust it will }>e found of truly 
practitfal service to those of our readers who are 
ambitions to mako that progress in a thorough 
kiiow’hxlge of thei)- work which alone can insure and 
will <leseiTe success. 

Origin of the Science of Geometry. 

If the reader Avill turn to the Dissertation iireceding 
the “ Cyclopu'dic DicXionury of Tedinical and Trade 
Terms,” forming i^art of this work, he wdll sec in 
classical words the linguistic root or derivation of 
die word “ Geometry.” The scienee was in its earliest 
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developments applied, doubtless, to the marking o/} 

of tho.se liue.s on the surface of tht‘ ground whick 
seiTcd to distinguish the property or (lie plot of land 
cultivated by one man fn)m that poss^\swfd or culti. 
vated by another. And this was done in tJie first 
instance, as may reiisonably be conjectured, not go 
much for the purp.«e of preventing disputes between 
man and man, or putting a stop to encroachments 
of those ambitious to possess the land of their near 
and quieter neighbours, as by the government for 
the purposes of taxation. In Egypt, where the 
scieiK.'O of geometry first took rise, the whole land 
boj‘dcring on the banks of the Nile, the only source 
of fertility in tli((.t rainless laud, was plotted off into 
a vast number of allotments ; and as each cultivator 
h/id to pay to tlie government a certain tax upon 
the produce of Im f^oil, ami probably also on the 
extent of his land, it W’us nocessar}' that niojins should 
be had to ascei-tain jirecisely what was tJjo extent, 
surface, or ai’ca, poss<‘ssed by each. And as to all 
lands or soil surfaces the generic term “ enrth ” was 
apydied, the ai’t; of nioasuremcfiit of such surfaces 
came to be know^n as geometry- tlait of earth- 
measuring. J.ti proc<‘.ss of time tho science and its 
a.p]>lications became Tiiore and more extended, till now 
it includes wiliiin its domain all that relates to the 

space occupied by wJiat wo call surfaces figures or 

outlines — and the bulk, si7-c or volume of the solid 
substanc'cs w’C call bodies. 

Oortaln Terms used in Geometry. 

Anything which falls w’itlijn tlie domain of our 
senses is calksl by the geometrician a “ body.” 
KvtTV body occupies a cei'tuin poriJon of spa,cc. Sjiaco 
cannot be defined : the idea of space comes intui- 
tively to man, like that of time. Geometry in the 
ab.stTact does not concern itself witli tlie materials of 
Ixxlies^ it only considers the space which they occupy, 
or the bulk, si/,o or \ oluino tliev form. Tlie im'aning 
of the word ** surface ” is generulJy know n ; it is the 
line wdiich separatiw a body from Uie surrounding 
space. It may lie pojuilarly defined as the face of 
an objeiit. Surface has no thickness. Geometrically 
03 * absti’iicUy considered, what is termed a “ lino ” 
results from or is yirodiiced by the intersection of 
two surfaces i aii<l as a surfaeo lias no tiiicknoss, it 
follow'S tliat a line Las noitlier w’idth nor tliickness. 
What is called a “ point ” results from oi* is produced 
by the intersection of tw^o lines ; and has therefore 
no dimensions in any direction. 

SurfaceB. — Figureii. -Line.- Point. 

A surface having only extent, that is, width or 
bi’oadth and length, but no thi(!ki3ess, and a line 
the result of this intei’section or* cutting of two sur- 
faces, having only length but not breadth, a “point,” 
which is the result of the intersection of two lities, 
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o<in only have jmition. Surfaces are made up uf 
boundary lines, conceived of as existing in spacer 
and al] surfaces so formed are in geometrical language 
called figures/* But to construct figures for prac- 
tical purposes, the points and lines of which figures 
are made up, and which give creation to them, must 
be visible to the senses. We thus give to a point 
actual dimensions ; for whether we make it by means 
of the point of a needle, the sharp end of the leg of 
a pair of compasses, or by that of a pencil or a pen, 
it is possible to be measured, ho\v()ver minute. And 
so in making or dnivdng a line, whatever be the 
instrument or implement by whicli we form it, 
however fine it may bo, it also in its breadth can 
bo, as it is capable of being by delicate instruments/ 
measured. Mechanically wo can produce a point by 
ajjy instruipont adapt, od to tluj puiposc ; ; geomotricjilly 
it is prodiKfod by the intersection of two linos. Aral 
a line considered by itself has been defined as a 
junction of a series of points. 

Plano Geomoii'y, then, may be dolined as tlie science 
of *• figures,” teaching us Jiow to solve by tlieir aid 
certain <juostions whos(‘ utility lias been made known 
to us by the developments of the different sciences. 
Solid G(*ojrietry is concerned with ** lioilies.” Of 
those two great, divisions of the science, known by the 
generic title of Ooomotvy,” we take up first that 
of “ Plane.” Wo commence our various sections of t,Vie 
science ’of * figures iiy dciliiing a number of terms 
frecjucnily used in its study and practic^al application. 

Bight Lines -'popularly termed Straight Lines. 

Tbo first subject we dire(a, attention to i-s that of 
right lines, or, as tliey are po}mliirly termed, straight 
Hm‘,s. We have endeavoured to define wliat a liiie 
geouiotrienlly oi- mathematically considered is. Pul 
as an elegant French writer on tlx' suliject says, 
however ambitions may be tlie buman mind in fbo 
UH<' I, hat it makes of its reasoning powers, it must 
nev('i‘tJi(^loss resign itself to leave (tertain things with- 
out (l(dinition, as (pertain truths witiiout dcinonstralion. 
Tins is the case with the st j'siight line. We liave simply 
an idea, of it, nothing more; and this id<*a we have 
accjuired by th<‘ liahitual contemplation of the variems 
oi>jocts surrounding ns in daily life. All the defi- 
nitions wliich laive been att<Mnpted to he made of th(‘ 
straiglit \mv a.j'C only explanations a /mUriot'l- 
that is, from tlie cause, to the eflect, and it may w(‘ll 
be doubted whetbei* any of iliom could cotivey tlu^ 
idea of tla* striu'ght line to a man dejirived at once of 
tlie senses of sight and of touclj. 

Charaoteriatiof or Fropertiei of the Bight or Straight Line. 

We IP list content ourselves with tlie idea merely of 
the slrright lino. But from this we attribute to it the 
follow.’ ng properties; 1st, It is everywhere identical 
tf) in whatever w-ay it is turned, - it never 


changes; 2nd, It is the shortest way betwoon any 
two of its points; and, lastly, through two given 
poirits we can make only one single stmight lino pass, 
and no more. 

Conolusio&i drawn from the above-named Fropertiei of Lines. 

From Uicse properties, or attributes rather, we con- 
clude that two distinct straight lines can only have a 
single common point, for if they had two common 
points they would not bo distinct. From the idea which 
we have of the straight line, we can conceive it to be 
indefinitely prolonged in its two directions. We draw 
a straighi. line, or by abbreviation a line, through two 
of its points, which we (‘all a, h ; it is thus tliat we 
give it the name of a straiglit line -that is, the lino 
w’bioh passes tli rough tlie two points. If wo had to 
consider more particularly the portion cjom])Tised 
between the two points, we should say the portion or 
segment of the st.raight, line, bat for the sake of 
brevity the straiglit lim*. a bj or nu'roly tlio length a h. 

Lines other than Bight or Straight— The Bent or Zigiag 
Line— The Curved Line, 

A lino composed of consot*uti\'e portions of different 
straight lines conn Oi'ted witli or joined to eacli other, 
but going ill different directions, is by som(‘ called a 
polygonal or iiregular line; tlie best idea, of this is 
given in the popular term “zigzag.” If a line be 
ntdtherof this ebaracter nor a simple straiglit line, it is 
a “(UUTi'd line,” or more simjily a “ curve.” We give 
to tlie iin(‘s, (Mtlu*v zigzag or cnvvisl, certain <piali- 
tications wliicli depend on tluar form. 'Dius, for 
e.xampliv a liiu^ is said to b(‘ closed or deteniiim^d, 
when in starting from a given point of tliis line, Mini 
following its contour, wo come ha(*k again to tlie 
starting point. 

A Bent or a Zigzag Line, or a Curved Line, returning into 
itself or closed, forms what is called a Figure. 

A zigzag lin(‘ tlins returning into itself, to the 
.saint* ])oinl from wbicli it is start t'd, givf^s wliat is 
(talk'd II form or sliape or a contigiiration, imu’e simjily 
a figure: nnd accoi’diiig to tla* numlier of turns tJie 
zigzag makers wo give a iiaim* to the figui'e. The 
fewest number of straight liia‘s i*e<pii?ed to form a 
figure is three, and to this wo gi\e tin* nana' ol a 
“triangle.” If then- are four Jim-, forming the 
figure, we eall it, according to tlieir liaigtli ami t,lit‘ir 
position in nkilion to ('acli otlier, aitlier a “ sipiare/ 
a “rectangle,” a “ parallelogram,” a, “ I'lioinbus," a 
“rhomboid,” or a “trapezium” or “ traja'zoid,” if 
the figure is m}id(‘ up of more Ilian foin- lines, we 
begin a series of wliat are called “ iiolygmis,” tliat is, 
many-sided, Imt to which d('Hiiit(j names are attacdecl 
lurording to tlie numlaa' of line>. Tlins a Ih'e-lim^d 
figure is culled a “ ]ic‘ntagou,” an eight-lined tine an 
“octagon.” Figures siU'li as tho.so now iiiina'd may 
be regular or irrt*gula]‘. 
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CHAPTEll IV. 

Tn jirweding chapiiin- we gave in iU luet paragraph 
ill! illuatmtion of. a prizo Hhorthorn Ox. Tlie geneml 
charaoioriatjt‘8 of the frame or contour of Die breed, 
or its points, be also full}’ illiistiuted and demcribed 
lioi'oafter. 

It was in the early days of the breixl often called 
the “Toes Water.” Its history is a very involved 
and tangled one, the facts or cii'oumstancea re- 
corded by some Ixnng (lis[Mit(^d or conti*adictod by 
others; wliile Ixyond a doubt injiny, which would 
be of exceeding interest now, have lieen lost beyond 
all liope of recovery. Nor is tliis difticult to be 
iictjoinited for. Wt^ hav(‘ ])iirnllel cases in abundamie 
in brancdies of industrial work other than tluit of 
farming or gi'uzing. Inventors of machines and 
processes, c!S 2 >ecially in tla^ (uirly days of certain 
brancla's of work, were anxious chiefly, if not 
indeisd wholly, to make those iin)»rovcinents without 
w’hicjh l.hey siiW (dearly that no retilly valuablo and 
prolitablo results (rouhl he olitainod. This so absorbt^d 
tlieii' attention and eonsumed their time ihat tliey 
hail none left to record t-ho sti'ji.^ by wliitdi tliey went 
fi’oni one point of imiiroveinent to nnothoj', oven if 
they — which is very doiilitfiib -w(‘ro able to trac^e back 
from any one point of advance to the first or natural 
stej) in improvement \vhicJi they took, through all 
the minuli' details ; and the truth a,i»|)ears to bo that 
groat inventors or improvers are thinking much more 
of what their work (tan for their present time do for 
themselves tlian of what ^lostehty will think of them 
or of tlieir work. Nor, sanguine as inventors or irn- 
^irovers are said to bo as to the value wliich their 
successors will set iiiion their laliour, is it given to 
<‘\ ery one to foresee, as it were, tlie outcome of any 
invention or imjirovenient. Tin* pai'ty inventing may 
iiiive but a very limited conception of the j^otcntialities 
of his design or process. Doubtless, if one had even 
a fairly (tlear conception of how' tlio invention or 
process he ^vas w’orking at w’as in time to prove one 
of the groat factors in working out the sum of onr 
national prospei-ity, lie might very well bo disjiosed 
to sit down and jiatiently and fully to ret^ord all 
the facts and (*ircum stances connected with his w'ork. 
But, seeing that the greatest of successes are readied 
only through tlie obstucle^ of a (juickly r(^(*urring sericfs 
of failures, it may w’el] be ijnestioiied if every one 
W7)uld have ventured upon the (taiidid explanation of 
w'hat tliose failiiT(‘s wci-e — tliough the most of them 


would bo conscious that there was much to be loarned 
from failures ; the “ how not ” being as valuable to the 
thinking mind as the “how” to do it. How often do we 
hear engineers, for example, regretting that our great 
inventors have not handed us down a record of all the 
steps of tlieir progress ! Such considerations are not 
without value ; in tnith, they possess miuih to our 
technical readers, and find therefoi-e an appropriate 
pla(?e ill connection with other papers on industrial 
subje(its in these the jiages of the Technical Jooknal. 

IJnsatisfactory. however, as are the records of the 
history of the shorthorn breed — wliich is mainly the 
history of modern cattle breeding, as the primu'ples 
evolved by sliorLhorn breeders and tlie details of tluur 
practice have practically dominated the impro\’eimfnt 
of all oilier brecids — there is enough left on record lo 
give a position iiiarkod (mough to a few n^imes as the 
practi(!al originators of tlie modorri brood. We have 
soen that/ the briied at ono iinio was knowui by the 
nairies of the “ Durham” and the “ 'JVk^s Waior” breed; 
they were, however, distinguished by other titles, 
such astho “ JioJclorness,” the “ Lincoln,” the Tork- 
shire,” and the “ Tweedsidi*.” Georges Oulley, the 
author of a w'ork on “Live Stock,” \(uy freijuently 
quoted ns an authority — (lute of piibli(!atioii of the 
second edition being 1 7tM, the first edition liavingbeen 
issued nearly a, hundred years ago — sooms to Imvo bmi 
the first to give the nanu) “shorthorn ” to tJie bi-ml, 
though with this he joined the term “Dutch.” 1 1 is 
reason for calling them the “ BJiort-lioriiod or Dutch 
kind” of cattle was derived from and based vifion the 
following circumstances. I^'irst, that in man)' (list i-icti' 
the regular name gi\'en to the bi'Ced W’as that of the 
“ Dutch. Secondly, that their Umh was almost ex- 
clusively along and in the nc^igliliourhood of the east 
coast of England, facing, and therefore having the near- 
est and most rajiid comiuuni(^al ion with the Continent 
on the opi^osite side of the ( 'hannol ; in tho districts 
along and contiguous to whi<th animals of I, ho same 
class or kind were in Mr. Ciilley's days La-ed lai-gely. 
The English district in wdiich the brtx-^d tJiiis had its 
locuh reached from tho southtjrn part of Lincolnshii’O 
down to tho borders of Scotland. And llie i-eader* will 
have noted that the various names we have gi\(>ii as 
those by which the breed was at one time known indi- 
cated localities all ahaig this slj'etcli of coast, as the 
“Lincoln” and “TVoedside” breeds, A tiiird reason 
for Mr. Culhjy assuming that tlie shoi'f horn breed was 
originally a Continental ono, W'as that a well known 
biwlcj' of his day, colebitited for having tJie best breed 
of sborthornod cattle— a Mi-. Miehaol Dobinson, of 
the (xninty of Durham - w'ent in his younger days to 
Holland to luirchase hulls, whi(!li he found of great 
service in improving Ids stock. It does not in any 
way militate against the comdusion here arrived at, 
that succeeding Mr. Dobinson, other and less careful 
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breeders imported bulla from tine (Continent, wliioh 
being bad, produced a very degontsratod lot of aniiiiala; 
and theao having their hahiiat in districts along Iho 
river Tees, gave a bud reputation to the brecnl, whicli 
it took a long course of breeding on other and more 
sensible lines to got rid of. Who the breeders \voi‘0 
tliiit at laslj gave Iho breed of shorthorns the high 
reputath)!! they now have, we arc now about to ghuicts 
at : this reputation, as we liav(5 already pointed out, is, 
in fact, the liighest, as of all (jattle sliort horns hear 
away tlie palm every whei-e and always as the most 
e.xcdlent. 

Whatevof be tho conclusion arrived at ns to the 
accuracy of tho view just state<l, that, tlio shorthorn 
breed came originally from the Continent, t.ljero is 
unfortunately too little in the way of r(‘corch‘d well 
autheni icjitod facts to onahle anyone to say witJi abso- 
lute confidenet! what was its oi'igin. Thyond ail doubt 
it seems, howc^■cr, to be that for long this variety or 
bj‘(*ed of cattle was reproseni;cd by animals so <{oa,rsc in 
quality and bad in form that little was done in th<^ way 
of improving them, sini]>ly bot^auso, as it setmis, the 
few graziers and farmers of tho early tinuvs who j)aitl 
aU<aition to th(5 developmont of calth^ had little or 
no oiieourag<'meni to take ibis brO(‘d in hand as tho 
basis on which to found a thoroughly improved breed. 
And in connection with this we certainly have tho 
suggestive fact that Robert Jlakcwell — who may be 
said to be the [»avent or originator of tin* inodcTn 
science of live stock brea'di ng — Jiftor trying many 
breeds in order to arrive at a. conehisior» as l.o which 
would tho best to improve and found a now strain 
or blood of Btt)ck upon, dhl not select the hhorihorn, 
but took that breed known as tlie “ longhorn/' Of this 
breed we shall in a future paragraph give :i desci'i])tion ; 
and in connect. on witli this we may haves yet mojxi 
to sjiy regtirding !Mr. Bakewoll and what ho did in 
promoting the interests of Cfaroful eattle l»reoding, 

Besoriptlon of the Shorthorn, the Breed “par excellence of 
Modern Fattening Cattle, continued— The Barly Breeders 
—Celebrated Breeders. 

Of the early or earliest broedors but little com- 
paratively is known. Tlio Mr. Oobiiison already 
named was one i/o whom the brood o^^ C(•l a good d(%‘tl. 
Other breeders of tho period wore Mr. IT ill, tho 
Messrs. Culloy, a Mr. Milbank, Mr. Hutchinson, Sir 
William St. Quentin, Mr. Cliargi‘s and Mr. Mayna,i*d, 
of Eryholmo, near DaJ-lington, and sc\eiul others, 
now scarcely known evtai by name. Tho hist-iuunccl 
breedoT’, MayTia,rd- or ratluT tho breedoi-s known by 
this name, for there scorn to have been more than 
one of the family devoted to the improvtanent of 
cattle— doscjvves, how'cvcr, to have a more fiet|iiently 
nlludcd-to place in the records of short lioiu lustojy, 
inasmuch as fiom sto<!k reared by them came tho 
celebrated shortliorn “Comet," which has been named 


by one authority as “ the veritable founder " of the 
modern breed, Mr. James Brown, of Aldborougli, 
d(5serves mmition here as one of the early breeders 
who did good work in the improvement of stock, — 
sucli good woi‘k, indeed, that Bates, hej’oaftei' to be 
sptxfially allud(;d to as one of the best known of rec(»nt 
V)reedors- always maintained that “ the first bull was 
the best," and this was ])ved by Brown, somewhere about 
tho year 1770. But, however valuable this ])articular 
animal might be, his fauie has been totally cidipsed 
l)y tlie celobvatod bull “ lliibbnck," which u jis bought 
a, a joint venture hy Mr. Bobort Colling and a Mr. 
Waistcll from a Mr. Robinson, for the small sum of 
eight pounds. This (!clebrate«l bull, which has been 
somewhat oddly tci’med the “ Abraham of tJio slioit- 
horn breed," was calved in tho year 1770, o)i the farm 
of llurworib, noai' Darlington. Comparatively little 
is known as to tlio points of t his celebrated bull ; but 
according to a, 11 that lias been loft witii I’chaianv to 
him, ho was an animal combining in a remaikaide 
dt‘gree Ibo eajinhility lo take on fl(‘sh with great 
rapidity, with lightness of otiiil and an almost jierh'ct 
symmetry of form. His colour was not tho nioi’o 
modm-n, and now giaierally pojnilar “roan," but. iho 
old, and thou highly esteemed yibow and wliite. Tin? 
horns were clear an<l wax-like in t.e.xturo, Hie eyes 
bright, yet mild, and the general ex|)ression of the 
face vt‘ry ]dea,sing. ITis “ toiudi," or handling these 
terms, or rather tJiis term, already alluded to in 
preceding paragraphs,' will be fully des(a‘ibed when 
we go into the pvineiples of breeding- was 
markably line, so much so that no animal of the 
period could approacli him In this most valuable 
cluiracterist ic. Althoiigli so little is now, or lias 
ind(‘(‘d in most of oui’ agriciillnral works ovcj’ been 
given, as to the good woi’k done by early hroi^h'rs 
in the improvomont of tlio shorlliorn, what has lieen 
given aii<l more might here have been added did our 
limited sjiaee admit of it— will sulliee to sliow that 
groat, indubitably great, as was tbe ^^•ork of tho.se 
br(‘cdcrs whose names— as those of Collings, Bates, 
and Bootli — liavo heciivne, so t.o say, .sti*reotyj>ed in 
all farming works as the true founders of tlu; inijirovi'd 
or modern shorthorn, those more modern breeders 
were greatly indebted to tlieni. So much so, that in 
the ojiinion of some who are entitled to bo taken as 
authorities, the tcriii “tlie real imjirovers of the 
bi-ced ” .sbould be given to flic <‘arly bi-eeders, some of 
whose names have come down- and, untort unately, 
but little more than nanu's to us, otlu?rs now and 
for ever unknown or unret-orded. Tliere sofins to be 
little doubt but that the hri'vd, by wbati‘v< r name it 
lias been or was for a, long time known, was estaldished 
in tho distriets W’e have already in a preceding para- 
grajdi nanii'd, from what is ])ra(‘tically tinu^ immo- 
iDorial; that many fanners and graziers and laiidou ners 




Tliirt bull iw iliu« (lescribinl by a N.Titer : “ ‘ Favourite’ was 
ti largo massy iitiirual, partaking more of the chamoier 
of ln» dam (‘ rhcBiiix/ IG in the above liet), than that 
of his sire. He possessed remarkably good loins, 
and long, level hind-qiiartors j his shoulder points 
stood wide, but wore somewhat coarse, and too for- 
ward in tlie nock. His horns also, in comparison 
with those of * Hubback,’ were long and strong, , . . 
He was a powerful animal and of good constitution.” 
As a proof of this g(K)d constitution, it is stated that 
Mr. Colling used to show with groat pride a fine 
large heifer from him of direct in-and-in ” bi-eoding, 
of sii'e to daughter, granddjiiigliter, and great-grand- 
daiigliter, and so on to her of tlie sixtli generation. 
The bull calves of “ Favourite ” were like himself 
generally, a little coarse, but possessed of good constitu- 
tions. “ Favourite ” wa.s so ostoeined as a sure getter 
that he was used as long as he (‘ould be used, Tie 
lived t*o be sixteen years old according to one jniihority, 
by the slatemeiit of another ho was slauglitered wIkuj 
he was tlijrteen years of age. Jt will be iritfTesting 
to note bore the dimc^nsioiis of the celebrated bull 
“Comet,” to wbicli reference has b(*en ir)ore than onc«* 
made. He stood at the liiiid-(|uart(‘rsa litn'gbt of 4 ft. 
11^ in., at the shoulder 4 ft, 11;,‘ in., to the knee I ft. 

5 in., to ilio hock 1 1‘t. G in., fi-om the ground .level to 
tlie brisket 1 ft, G in., to tiie chest 2 ft. 1 in., the length 
of the Miiiiiial from poll to tail 7 ft., length of the fa,ce 
1 ft. 8 in., of tliO horns 8 in., breadth of tlv' f.ac(‘ aei'oss 
tlie tyes HIj in., across tla^ liips 2f(, ,4 in., girtli or 
round, measured T'ound the m‘ck 4 ft., round tlie chest 
7 ft. 44 ill., round the clau’k and foivluMid 4 ft., round 
the knee IG in., round tla^ bone of fore-leg 84 in., 
round the coroncst of fore f<K>t 111 in,, round tlie bone 
of liiiid-leg 10 in., round tlio coi'onet of bind-foot 
14 in., round tiic; liock 31 in., circumtVrcnafe of liorn at 
root 8 in. 

Devoting their emu-gies, tlu'ir business habits, and 
tbeif .skill in eatUe to the careful (‘.^tablishmeut of llie 
biocsl now kmnvn all the world ovaa- ns the Shorthorn, 
the (Pollings, by their rare aptitude in judging the 
points of fatting cattle, and great skill in a]>plying t ins 
to (be brecMling of stock, are now admitted to have 
been the lirst to iiitrtxliaae an alti»getlH-r new ora 
in tbo Instory of farming, and to wliich may be 
given the name of the period of tlie finest of 
animals selling at the liiglu>.st of jiiices, both (jnite 
unknown before they began their labours. IJcgm- 
ning tlicir work not much before the opening of tbo 
niuottforitli century, iboy W(‘V(' able, by the end of 
its first decade, to get., as Mr. Charles (lolling got 
in 1810, one thousand gnino.is for Ji bull belonging 
to his herd -a price altogvther vinexain])led, and which 
tended to give that lierd a reputation which it 
n(fv(T lost. Croat as this price was, it has in more 
recent ti rnes been greatly exceeded for some sbortliorn 


caliUiii <lescendod from Charles Coding’s herd were sold 
for within a trifle of five hundred poutids. With 
Colling the reputiition of a bi-eoder of the highest 
class was shared by another eminent man — Bates 
of Kirkleavington j and at a later period another 
great breeder appeared on the scene, in Booth of 
Killerby. Of this great trio, the two last named 
— Booth and Bates — founded “schools,” so to say, 
of lireeding, which have taken the lead, and have 
had numerous adlierents, each class of wliich cleave 
with sueh remarkable loyalty to their school that not 
a few di.scussions have taken place as to whicli was 
the best, the “ Booth blood ” or the “ Bates blood.” 
Now, compai-ed with the few who reigned supreme 
as brooders of the shorthorn in the early days of 
impi-oving pineticc, we have breeders so many that 
their name may be said to be legion; ami of this 
great number many have been and ai'o now eminently 
suceossful. Of these we have not spice to give even 
a bare Ji.st, and must tlierefor*e refei* the j‘(:'a.tler to 
the pages of tJm farming jovu-nals of recent ami 
comparatively recent issue for full information as to 
those modern bvcHxlers. We can only extend (be 
eiirly liistory of the brocnl of slioiiliorns by a bri<‘f 
para.gi’n]>h, 

Early History of the Shorthorn Breed.— The Eminent 
Breeders, Bates and Booth. 

]n the year 1810 the ceUbratod herd of Charles 
Colling, at Kettoii, was bi'oken up, and the animals 
brought lai-ge prices at tlu‘ sale. One of the pur- 
eJ lasers was Mr. T. Bates, who bought for the, sum 
of a }iundi‘(‘d anti eiglity-Lliree guineas tlio cow 
“Young J)iielie.s.s,’’ two yeai*s old, by ** Comet,” darn 
by “ Favourite," This cow became one of the, if not 
the mo.st eelebrated of tbt‘ modern sbortliorn bi-eod. 
To her blood ” Bates kt'jit unllinebingl y, with but. 
one exception, when he took a ‘‘cross” witb the bull 
“ Belvedere,” of Btoplicn.soii’s breeding ; and to tliis 
perseverance in dost* breeding may be atlribiitotl the 
rema.rkablt‘ suetu^ss with which Bates cai i*ied on ami 
compl(‘t(‘tl his cai*(f(‘i‘ us oiit^ of the gi-eatt^st biecdei’S 
of modern times. But, still (be success with tlie oim 
singU‘ “cross” witb wliieli lie broke tlu'ough his 
4^stK‘iblisht‘d rule, nnhs in itself rtviiiarkable, for with 
the bull “ Duke of Xortliumlterlaiu]," tliu rtt,-.ult of 
the cross (Logoi her, howevei', with two lieifers of the 
pure “ Dui'lioss blood”), Bat(‘.s took cveiy prize wliiib 
w^as ollered at th.o lirst show held by the Jtoyal Agri- 
cultui-al Society of hbiglaml, at Oxford in ]8I<9, a 
year now classical in tlie annals of .British agi-kuil- 
ture, as it was the commencement of w’ 0 ]*k hy this 
Soci(»ty in advancing its interests in every direction, 
scientific and jiractical, of which it is iiri])o.s.sihle to 
oveiH^stimate the value ami iinportanee. With hut 
a few more “ jirizes ” Bates closed liis hiilHant and 
Huccessful career. 
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THE coLorn manufacturer. 


THE OOLOITB KAHUFAGTVBEB. 

WITH rUACTICAL NOTER ON THE UflB OF PAINTS AND 
DYEH IN DKCOllATIVE WORK. 

PAET riK8T.— PIOMENTB, 

CHAPTER 1. 

Introductory. 

GoT-oriM.v(; mattors as articles of coiiiinerce occupy 
a liifili ])lai't‘ aniouf^st all ujitions, savage and civi- 
lised alike ; and as man bwomi's more ediicjatod and 
relined, tlieir use iiieivases. As low objects in 
ruituro ai'i' devoid of disLirjctive colotiring, so also 
few manufa-etured Mrii<!les used by nnin are entirely 
destitute of ornamentation by tlie appli<‘ation of 
either paint or dyo in one form or anoidier. The 
nxuler need but glamse around In'm, in whatever in- 
habited place ho happen to be, in order to n.nilise this 
IViet. Hence the importance and the interest of our 
pres<‘nt subje<'.t. 

The nianul'acttires of ])igments ami dy<‘s are essen- 
tially clieiiiical art, The forin<*r is, generally spejiking, 
a. simpler mail or than tli(‘ latter. Pigments ai-e all 
eitlier obtained fi'oni comparati\ el y simple a.ud well 
known inorganiii dyes, whoso composition is readily 
ascertained, or from a- dye and a precii)itating ageni : 
but dyes art‘ mostly produced from c()m]>k‘X organic 
substances of w’bieli the eom[)ositi.oii is often but 
a]jproxiiMat(‘]y known, and the properti(‘s but partially 
undei'stood, It is (^^^’(‘nient, tberefore, to divide t]\e 
subjeid. of colours into tlie natural divisions of Pig- 
inenls and J)yes. Bona^ ])ignients aiv found in nature 
in a, stale ready for use, ex<!(‘pt as regards grinding 
and washing; but the majority are manufactured 
from <*nliri>Jy, or nearly, colourless ina-terials by the 
application of metJiods di<rta.te<l by the s<aence of 
chemistry. And whilst man}* pigment makers do not 
profess to be a.<*(,|iuiinted with any of the principles of 
chemistry, yet they emidoy elieinieal incdhods, learnt 
by long exjiorience, ami tliey undoubtedly would 
profit by siudi knowledge, as tJu'y would thereby 
know their business more a-ccura,tt*ly, and would bo in 
a bettor position to imj)rove and possil)ly extend it. 

What is a Pigment ” or “ Paint ” ^ 

A pigment is a I'oloured insol ii I do subsbince 
wliit'h may bo ground up to a fine [>ovvdtu‘ and, 
incorporated with certain oils, etc,, jipplied to the 
di^eoration of articles. When pr(‘pared, tdllier moist 
or dry, in a staie lit for applying with a brush 
or ‘pencil, it is termed a **pidnt.” These ar(5 our 
defirutions, to wliich w’O will adhere throughout 
our article. The w^ords pigment and paint may be 
slightly otherwise defined, but for prmrtical pii)‘j)o-;i‘s 
our d(‘ljnil.ion is both accurate and eorivenient. Pig- 
ments are always insoluble in the water or othor 
medium with wJn'ch they are mixed in using; a colour- 
ing bo<ly applied in a state of mint ion (‘institutes a 


dye. Throughout our articUs wo will employ the term 
“pigment” to denote llie insoluble body in a state of 
line division, cither dry or in an aqueous paste, 
unmixed with other substance. The word “ paint ” 
shall signify a pigment mixetl with certain siibstamies, 
rendering it tit for application -such as clrying-oil 
or guui, Tim toj'in “ precipil/iite ” we will use to 
designate an insoluble coloured compound oblained 
from a iupiid by chemical action, but not. dried or 
c.olIc‘ct(‘(i and prepared for use in the arts. Tiic word 
“lake” we will adopt to indicate a pr(‘cipila,te formed 
from a dye by the action of alum or other sul)stance. 

Principle of the V>o of Pigmenti. 

A ch‘ar concfsi>tion of (he principle involved in 
the ap])li(!Jition of pigmcaits to ornamentation as 
distinguishetl from tlic use of dyes arid “ stains ” — 
facilitates tlie stialy of pigments and painting. Tn 
using a pigment as a moans of imparting colour it is 
necessary to mix it iiilimaloly with a li(iuiil containing 
a subst:in(‘e that will clause the pigment w’hon spread 
out witli a brush into a thin layer or coating, aftta* 
drying, to to Ue /‘ft to tJic surface of the artieh‘ painted, 
and so, lying on tlio surface, disjday its colour to 
f\dl advantage, without being iiidden by the nuMlium 
used. In common painting the pigments are mixed 
with some sucii substance as an oil whkdi, on drying, 
toms a. hard transpjironii glue or size, which ellectually 
cements the pignic?nl- to tlu‘ artiel(;» without iutt‘rtoing 
with its colour. Jn fuin oil-colour ptfiuf/ing oils and 
rosins ar(? used for the sji.mo purpose, Inrpentino 
being generally present to dissolve or soften the 
fastened’ used, iii //r/per ^faiaing the jugmenU arc 
applied by j)rinting, mixed with a,dhesi\-e mattcjrs, so 
Uiat wlien tlie paint dries the pigmemt adluTOs — the 
substaruics used being ebiefly glues and gums. In 
coloured paper makiug the 2 >igment is mixed witli tlie 
pulp. Tn )im umtnr-cofour pmyUing the pigments are 
mixed with guni-sobition ; on drying the gum eiius(‘s 
the ])igmeiit to adliere to the paper as firmly as is 
i’0(juired. In ghm^ china ^ and poiUry colour lug the 
])igment, or material necessary to form it, is ajqdied to 
the article, which is then subjected to a high fnriuu^o 
heat. Tn cl<^th printing the pigment is mixed with 
solution of some such subsljinco as will, on subsequent 
tre^atment of the printed (doth, cause the pigment to 
adhere firmly to the cloth — albumtai being the fastener 
generally adopted. 

“ Opaque ” and “ Transparent Figments. 

Pigments may be classed aw (1) “opaque," (2) 
“transparent,” and a medium class us (3) “somi- 
1 ranspareni.” Tliese terms arc self‘-explanatoiy, l>ut the 
qualities of tlie, so three tdasses of pigments may best 
be understood by illustration. If ^wo*take red-coloured 
pebble, p-ind it into a coarse ponder in a mill, und 
mixing it with some drying oil or gum water, apply 
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it with a brush to the surface of a vvliite basin, we 
got a i't*d oj- pink oolour : but if we now paint a blue- 
colourod artiiilo wo obtain a viokt (jolour - -due to the 
mixture of bluo and rod ; the light tlie red 

pigment, and the (joituriingling of red and blue pro- 
duces of coursi) violet; tins is therefore a lnnw]Hirmt 
pigment, beeauwj it is possible to see Uirough it. If 
inst(‘ad of rod-pebble powder wo Jipply iron-rnst powder 
mixed similarly, on both whib; and bliui grounds, we 
get a rod colour in both cases, and not a triolnt in 
the case of tlus blue ground, because the light cannot 
pionetrate the rust, an<l lienee this is an viKiqm pig- 
ment — it hides what is beiioalh it. A mixture of 
these two pigments would give us a semi-transparent 
pigment, producing of course an oflei't midway betwtsui 
the extremes. ^Vhell we wisli, in painting, to produce 
an elVect by the blending of two coats or layers of 
colour, tlic (op coating must be a, transpnveiit 
pigment, ft must be reJinMubered that tlie same pig- 
mtmt may be o})a<pie or transjiareut according to the 
mo<h' of pri'paration, as the ti'ans]>arer\ce or opnoity 
of a, pigimmiMlepiMnls chieily upon the aggregation of 
the parlii‘l(‘s— in oHhm* words, on iho of the 
pow'der. 'llius coarsely ground glass is transparent; 
V(‘ry finely gi-ound, o]ia(|ue. It jieed hardly be said 
that' no pigiiKuit is alw^lutely ti'anspari'iii/ ; the tiTm 
is only relative* 

“ Drying " and “ Non-Drying ” PigmontB. 

When oil is employed in tJie applicalion of pigments 
the lixing of (,he jiigimmt to- the surface of the article 
paintixl is ilue to tJie ‘‘ drying,'’ or, s])eaking accurately, 
the oxlxlafiou of the oil, whereby a resinous, tnuis- 
paront skin is formed by the action of tlio air on 
the oil which liolds the iiigmont in its place. Some 
pigimuits have the property of preventing or retarding 
this oxidation, and consequently the paint does not 
“ dry " ; sucli ]dgiiienta are termed “ bad dryers,” and 
other substances ai-e added to the paint to eounievact 
this influence- -to cause the oil to dry. Tlicse arti- 
ficiiil paint dryers are fre(iuontly siccative substance.s, 
such as oxide and borate of manganese, the acetates of 
lime and load, and sulphate of zinc. Some pigments 
aid in oxidising the oil, or at least offer no re.sistancc, 
and hcfice are termed good drying pigments. 

The Termi **Body,'’ ^'Oovering Power," and **DenBity/* 
ai applied to PigmentB. 

The co\'cring powder, or body of a pigment, is the 
amount of surface to whicli a certain quantity of it 
will impart colour when spread out with a brush. It 
is, as will readily bo seen, an important factor in 
affecting the value of a pigment for industrial pur- 
poses ; a pigment may be of a good shade of colour, 
but owing to its low covering power it may be too 
expensive to use, or inconvenient owing to the largo 


quantity necessary to place on the surface in order to 
obtain that shade. Demitt/ means weight or specific 
gravity, when ajiiiliod to pigments, These, and 
several other physical properties of pigments, have 
an iutiimito and important connection with their 
application in the arts, and we sliall liave occasion to 
treat of each separately in detail in tlieir proper places 
in the course of our paper. 

Some Chemioal Properties of Pigments. 

P\)r certain purposes .some [ligincnts must have 
particular chemical as well as physical pj'Opertie.s 
witliout which they cannot be nwnle use of. Thus, 
ft)r many purposes, it is a, serious objection to a paint 
to contain lead, as this in contact with coal gas con- 
taining sulpliur boeomos black. Hence the frequent 
objection to white lead -wbii‘li is composetl essentially 
of earliouate of lead — as a I'onsl ituoiit of paints where 
coal gas or the fumes of biiiaiing coal Imve access. 
Otlu’i’ chemical qualities of pigmonls will be noticed 
under their proper heads : suilici* it at prt‘sont to 
rmnark tJiat an// (?(>louri‘d insoluldo pinvder of the 
desired shade is not suitable as a pigment, — its pro- 
perties, physical aiul chemical, must be consi(lm*ed. 
VigjiKMil.s, moreover, must possess, in grejiter oi' less 
diigree, emMaiii i|ualities of fa,stm‘ss or a capabiliiy to 
resi.^t the ac( ion of such inllueiices as light, air, and 
moisture. 

DivUion of our Subject. 

Owing to the diversity of processes by wliicli tho 
various pigments found in eommiu'ce are produced, 
we have eorisidered thi! best way to divide our subject 
to be that under tho headings of (he- colours: namely, 
white, red, ycjllow, orange and laiff', blue a,nd slate 
green, violet, brown, blai'k aiid gJ'(‘y. It must be 
rommnbered that tbo pigments of similar colour used 
by common puintiCr's, by paper stuiriers, by calico 
printers, and by line-artists, a, re mostly produced 
by exftctly the same ehomical nn*ans, any difference 
in the commondal products being due to sul)s(‘<iuent 
metdianical treatment in grinding and washing, t^tc. 

Pigment White* in Common Use. 

The pigment whites eoinnionly in use are (1) white 
lead; (2) zinc white, French while or zinc oxide; 
(3) (Triifiths' zinc white, white lead siilistituto or 
sulphide of zinc; (4) BaryU white or sulphate of 
barium; (5) lime white, gypsum, or sulpJiate of 
lime ; (6) whiting. Whilst treating the subject of 
pigment \^hites, we will treat briefly of ot'h<*r white 
insoluble bodies which, although not commonly called 
“ pigments,” are yet practically pigments, and are used 
ill the arts for a variety of useful purposes. Those are 
(7) Cliina clay, largely used in sizing or finishing 
cloth; (8) sulphate of lead, which occurs as a bye- 
product in the manufacture of otietate of alumina. 
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THE DOMESTIC HOUSE OB EOUE FLANHEB 
OB UESIOHEB, 

'J'JIE WOIIK OF THK YOCKO AUC)UI’J'K.<.!’I' OB UUll.OKB IN THK 
• Jlousud FOB Town and Countky. 

OllArTEli 17. 

In tliw conclnditif' paraj^^i-apli of preceding chapter, 
niidci' the head of “ jKXsition of d(K)r« in hodrooniH," we 
ad\’i^^!d the young reader to make peneil wketeheti of 
phiii of (^ach room, tracing out all the poiHSiible 
aj'raugeiiit'ntH of doors in j-elalioii to the farniiure of 
the rooms ; and that by doing this lie would find that 
there were other infints affecting mateT*ia,lly the 
comfort of their occupants, than those pointed out in 
preceding paragraphs j and this (ispecialiy in ( inios of 

r(Mjuired by iiie invalid is of great service. 

although the door is best in the corner <t in the 
■■ ■ — ■* ty]>o diagmin, as it gives span* for the bed, 

I I *1 I 

u 

r 

6, to be plaetid in the centre of the partition wall 
next the lobby, c, this is also the best position, 
for it gives a space in tlio corneiw/ for the wash- 
stand,”— this ladng so plticed that it will not interfere 
with the free working floor spacio of the room. The 
dressing-glass and table will thus he placed at the 
window, as in the wvond type diagrtiin, in tlu' po- 


sition Z), wliiel) is the best foi* it. Another position 
for tlic was]jsiM.nd miglit certainly ))e in one or 
other of the ]‘e(!ess(is a or Z>, in tlu; third diagram, 
at the side of tlu! ih'<'|diice (\ Ihil as those rixiess<?s 



slionld, in a wcdl-litted hedr<K)ni, in ordinary or 
middle-class houses, be filled in with permanently fixed 
wardrobe jn'csses or cupboards, placing tlie washstand 
at eitlua- of those poirits, it would obviously bo in the 
way of the easy opening and (rlosing of tlie wardrobe 
doors. Again, as it is always convenient, in times of 
sickTiess especially, to have spfiee at tlie side near the 
head of the bed for a small table to be placed tliere — 
tlu? door a, in the fourtli type diagram, should be 


placed as neai- ihe> ctoss wall h as possible ; this gives 


the spime c between the door and tlus side of thja bed d. 
This would not be given if the arrangoiiiont was as in 
fifth diagram, the space c being too narrow. Of course 


I a ' 

the reader will imdersl-and tliat the cases Jjoro illus- 
tmtcMl are those only likely to occur in small bedrooms 
— which are, however, the rule, not tlie exception. 

Further Fraotioal Sxamplee of luoh Important Point! ai 
tho Foregoing. 

Such points as Uie above — and other small 
things, as by sucli phrase they ai'O too often put 
out of court— are precisely those which inako or 
mar the comfort nnd convenitsneo of a house. Our 

...vn ... -w.. .. ..m iSlild, 

III, IIWK ia; III' Ai.ic'iuijr , nuw ijn u ujn? 

comfort of living cuniiot be in any sense unimpor- 
tant— certainly hir from tiifling. Tho ca,Hes above 
' ai-o much more difHcult for tho lioiistiwife 
to deal wdtli wbei'O tho bedrooms are vary small, and 
where tlu-) j)lannor has thoughtlessly phuicd the door 
in a bad position. And we may repeat tlie state- 
ment of the fact, the existence of which is certainly 
matter of great regret., tlait very small bedrooms 
are too much the ruk^ in all ela.sse.s of liouses ; but 
on this point of house arrangtanent we shall in a 
future paragi-apli oiler a few remarks. Take this (tas(^ 
for ex»vtnple ; and such an absurdity in planning as 
this has been perpetrattsl. Lot a in our sixtli type 
diagram, be pjirt of a hedroojn, « a small dressing- 


/ 

room or linen -closet, eTd.(a‘ing fi-om the hedruom at 
d\ e the dour to the IxxlrooTU onUaijig from lobby J\ 
from which also a small closet y is entered ; h the 
window\ The lirephme, 't, of tho bedroom is placed 
in the cmilra of tho wall wliich is opposite r/. Now 
where can the bed bo yfiaciMl 'i Not in the ooi-ners on 
either side of tho fireplace, as at j and for they ar-e 
far too niiiTow ; nor in the corner a, for the bod would 
then project beyond tlie line of the door, e ; or if this 
door weio oyon farther from the wall d 6, the l)ed 
would still come Ixyond the door e. Tho bod cjiu 
in this ease be placed only in the corner h, and tlio 
en<l of it v/ill project so as to block up ])art, if 
not the w'hole, of the window h All such absurd 
difiimilties should never be met with. And they 
would never ho, if in planning a house special 
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plans on a largei* sctile of the hedroomw were taken, 
and t^he * l>ed upace put down therein in all posi- 
tioTiH, sio as to awc^ortain whicjh would Ikj the host 
for it to ociciipy, If this wore done, in nuiTiy cases 
the planner would see that his bedrooms, however 
well and conveniently plaiied they seemtsd to he in 
the iimicml plan, would not do wlien coming under 
the hands of a housewife who has to arrange the 
fiirnituro of the rooms and make them, what they 
should be, (Wivenient and comfortable. How often 
do we hear the complaint made, “ Oh, the house is 
very nice in many ways, but it will not do for us, 
—ue cannot got our furniture inl^o the bedrooins, so 
MS to move about comfortably in t hem,” — which, to our 
mind, is very much like saying, “Oh, the house is 
a very good house, but it cannot be lived in." Hu rely 
living in a house is precisely the objecl- for which it 
was built, and no otliei’. 

Praotioal Point* oonneotod with Doori as affeoting the Con- 
venience of Booms. 

The more hanging of a door is a matter of some 
importance, Doors to cu]>l)OMi‘ds, pantries, etc., are 
frecpiently hung in such n way that when opened they 
Mctuiilly shut out the light of a, window, as when it is 
bloeked up by tlio door of a closet hung so as to open 
against; the window, keeping at tlio same time tlui light 
from th(^ <!losol. Now, by hanging the door on the 
side fa, rl, host from the wiiidQW% when it w’as open 
the full light would be thrown into the closet : a great 
convonience, surely, in looking for or arranging thirigs. 
At tho siuno time the light from the wdiulow would 
nt)t l)e so much obstructed. 

All doors to small rooms, as dressing-closel*s, enter- 
ing from a, larg<*r room, should, as a rule, bo mtide to 
open into the larger room. By reversing this method 
lunch of the s])ace of tho sma,ll room w’ill bo lost. 
Thus we have kiiow 7 i a drossing-room attached to a 
bedroom rendered most inconvenient by having the 
door opening into it, As thus ; in one corner of the 
clrowsing-T'oom was tlio wash-hand-stand, in the otlier 
a small <'hest of <lra wers ; the door opening into it, 
liotween the two pi(X*(is of furnitiu-e, in such a way 
that any one stMiuling in front of the drawers and 
wishing to get^ into the bedroom had first to shut the 
door, then jiass to the space in front of it, then 
open the door and pass out ; wdioreas all this could 
have been avoi<led by Jianging the door so as to open 
into and against the wall of the bedroom. Ho also in 
tho hanging of doors opening into narrow passages; 
this should if possible be avoided, especially if the 
doorway is in the centre of the passage, so that ouo 
may have occasion to go farliier along it : the passage 
is, in such a cjise, fah-ly obstructed by the door 
opening into it, if the passage be narrow, by being 
so near the opposite waill that thci*© is no room to 
get past it till the door is closed. 


Hanging of Door* of Water and other Small CloveU. 

In winter closets, from thoir being miulo us a rule 
so small, the inconvcjnient mode of hanging tin* dooi- 
so as to open into tho closet is spirially annoying, ms 
many of our readers must, Iwivo ex]H‘ricnccd, ospcciMlly 
in l^iwn houses. In siudi cases, as they often cnt(.'i' 
from a passages, of the two evils (he least should hr 
chosen, and the door should be made to <»pen to the 
passage — althougli that may be, as mimed above, in 
convenient — in place of opening into tho cloM't. Tlie 
hanging of doors of wat(*r-closets and priN'ios i-' 
gcmorally carelessly dom‘ : for e\’M,mpl(‘, tliis, tliMii 
which nothing could be moi‘(‘ awkward,- i lie jiarly 
walking in has first to opcui ihi' door, then tfriish 
himself up into the eorncr oppo.^ite to it, tlu'ii sluil 
the door to gel to the seat ; the pi'oeess being re- 
versed is just MS ahsurdly tedious in getting nut. 
Ail this (^ould be avoided by simply hanging the 
dcK>r so that it would open against ilie outside wall. 
And as privies in a veiy large mimbcr of eases in 
the houses of the working-classes, and the lious(!s im- 
mediately above this class, are l)nill in tho baekyanl, 
there is no e.\(nise for lack of room for tlie door to 
swing freely in. But this <mso a]ipli<^s also to <‘los<?ts 
placed in the house, although not to tliose whicih are 
large and roomy- as all closets should lie- as there 
is tluai room enougit for the door to iipeii inside. 
And this would be, perhaps, the liettri- ai’i'inigement : 
as placing it to open outw'ards, it miglit eonu‘ in 
contact with the door of an apartment or closet in-ar 
to it, tho door of which might also open outNvarils. 
Nothing is more disagreoalde, and, indeed, dangerous, 
than doors clashing against eacli other when ojiened 
under such conditions of hanging. It would lie easy 
to multiply (jxtiniples of badly hung dooi's, l>ut wi' 
have given enough to show that seme amount of 
attention at lea.sl is re<|uired in this <l(^pai'lmeiit of 
house-fitting, where perf(^(!L convenience and comfo]‘i 
are wished foi*, 

Stioli Point* a* 1 

The same careful thought should hv given to every 
part of a house. It is of little use to say 
points are mere trillos. Wo ha\ <' siiowoi that not hing 
which (M)ncevns itself oven in the slightest <legre<‘ with 
tho health, the c(aMfort, or tfu* convenience ol those 
who live in the house is trilling. Tlie aiudjitect no 
doubt thought it but a trith^lhat thekitehofi not , be 
it remark<‘d, of a (cottage, or e\t‘n of a middh‘-eiass 
hou.se, but of a large and costly mansion Ins had 
de.sigiied — should ho reaidied by throe steps, and 
these, moreover, at the heginning or end ol a 
long passag<s much more distinguisliod by its dai‘k 
gloom than by tlie clear light it ought to Jia\c 
pewsessod. 
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CTT AFTER IV. 

The last paragraph in procoding chapter cjonceriiod 
itself ^\■iih >\ liat to some may appear a point in tlm 
practice of the draugJitsinan of no, but is in reality 
of oonsitlerablo iinporta-iice — niiiiioly, the han<lling, i.e. 
while examining drawings, more esixidally if they be 
finished and elaboj'aio, b(?ing in that cj\se the more 
cost])' and valued by the draugbisman. Rut the 
point obviously relates to the way in which clean 
sheets of draaving paper are to bo us(‘d foi* putting down 
drawings on. For it is of groat importance to havo a 
sheet i)erfeetly ilai, uncroased or unwrinkhal, to work 
upon. All this, a« >ve have said, may to the young 
drangbisman a])pear a very small oi‘ very trilling 
mattoi’, (juito benciitli or beyond Ins ear(‘fu 1 noticje. 
H(‘ will not think it eitlujr small or trifling if he has 
s])()iled foi' liiiii by some cartdoss follow, or carelessly 
spoil for In'mself, seme valuable drawing \vliich from 
tJie labour bestowed upon it Ju^ takes a pride in. And 
he will ha\ e read to little ]»m‘pose what in such a case 
we shall have written to as little ellect, if he fails to 
s(!0 that w(‘ have luul the desire at least, in so writing 
what we liavt', to givci liim some hints of true practical 
value on points of his work ns a draughtsman, and 
spe(!ially as a desigmu', other than those merely con- 
iieelod with the sti'etching of his drawing paper on 
tlu; board. AN’e <leom it our duty boro, a-nd in all 
things we have to dilaf e niH)n, to incultjato the import- 
ance of his UrinkiVff over oil the pohia of his work so 
that H Oe done in the hvfit posMlc voiy for hun to do 
it in, 

Xlie Olniug or Oaxnminff Down of the Damped Sheet of 
Paper on the Drawing Board. 

hi the “ strot oiling ” of his ])apcr on the <lrawing 
board, the draughtsman Jias now got the sheet lying 
on the boar<], with its damjaHi or sponged fiice 
downwards, ami with a uniformly Ha,!., uncroased 
front. It is now to be secured to the board. This is 
genoraJly domj by tlie imalium of glue. Homo prefer 
gum, as being a more sightly ajid cleaner substance, 
and one more grateful to tlio olfactory nerves than 
gluo is. 

If gum be used, however, it is essonthil tdiat it be 
made in a sti'ong or ihi<‘k solution, otherwise it will 
not hold. The glue or gum bffing prepared and kept 
in a clean >'C 8 sel, covered when noi/ in use to keep out 
the dust, the next process is its application. Take 
the T-square, and apply it to tlie board, so that its 
edge sliall be from five-eighths to three-quarters of an 
inc}» from the edge of the paper ; bend back the paper 
so that it shall lie, or partly lie, on the flat surface 
of the blade of the sfjuare, and in this position apply 
the gum or glue all over the lapped point or ** margin ” 


of the paper, and, of course, on its under side, or that 
whicli will be the under side when it is put or bent 
back again on the surface of the board. The finger 
is by far the best, although to some fasi;idioiis draughts- 
men it may not l)e the most pleiiwiiit way, to apply 
the gum or glue to the folded oi- bent-over edge of 
the pai)er. The gum or glue should bo spi'cad not too 
thickly, but uniformly, over all the suiiace of the 
edge, and this uniformiiy will best be secured by 
tlu* finger, as the sense of touch — one of the most 
dolicnt(^ in its indications, of the liunian body — 
will come to the aid of the dninghtsnmn. When 
tlum)ughly and uniformly glued or gummed, the 
edge is folded or placed ba(!k again, so that the 
glued surface lies on the board, The finger— not the 
glued one- should now b(^ used to give dexterous 
strokes over and along the surface a-ncl fiian pressure 
to the edge, so that its contact Ihrongliout with the 
hoard be seenreti, by all the air-bubblos being 
thoroughly ])resst*d out, Tho U])per edge of the 
p!i])er is now secured, and all the oMier (‘dgos should 
1)0 as j‘apidly sccaired as possible in tlie same way. 
This rapidity -consistent, however, with completeness 
or tlioroughnesH of doing — is essential, for it must be 
remembered tliat the process of “ stretching” or ** con- 
traction ” of the paper is b(»gun at the mom<'nt it is 
placed on tho hom'd, and if all the* edges or margins 
of tho paper be not quickly secured, it is obvious that 
unequal and imperfe<?t stretching will bo the result, for 
thoimn'gius not setaii'od will *^give'’ or yield. 

Homo <lraughtsmon use gliuj in the solid state to 
fix down the margins of tlu? paper. Taking a longish 
ami thi<?kisli piece, W’ith a smooth edge — the longer 
it is used tlu* smoother will the e<lge, of (course, become 
— they either wet tho edge wdih thoi?* lips, or, if moi-e 
fastidious, by dipping it in wiite*r, and rub it quickly 
and evenly over the surface of the mai'gin, as it lies 
face upwards upon the blade of the T -square. Rubbing 
is coiitiiiuod till suflicient of the gluo is transferred to 
the papei-, when tho imu-gin is folded ba(fk, and pressed 
by the finger closely to the surface of the board. No 
doubt this method, when well <?nrried out, gives a good 
hold to tho paper, but it is obviously one w*hich takes 
longer time than the application of liquid gluo or 
gum, and we have seen that rapidity of gluing or 
fixing down is essential. We have found in practice 
that the liquid form for the securing substance is 
equally cilicacious, and if gum be used, much more 
cleanly and binding. All the margins or fold-over 
edges being now secured, tlio drawing board should 
be tilted — at an angle, to prevent its falling forward — 
up Hgjunst tlie wall, with its paper side nearest this, 
until the sheet dries thoroughly. When this takes 
place, it will be found that the sheet is tightly 
stretched on the surface of tlie board, without a 
crease ” or “ buckle ” or “ bend ” on its whole eur- 



TIIK BUILDING AND THE MACHINE DnAUGlITSMAN. 


2G3 


face — that i«, if the stretching has been well done. 
The drying should be done slowly, to which end, if 
there be a tire in the drawing oflice or room, tho 
board should be placed as far from the tire as possible. 
Soino, in thoir eagerness to have tho process tiiiished, 
will purposely put tho board near the fire. When 
they do so, they often tind the trutli of the proverb 
exemplified, “ tlie more haste tho loss speed.” For the 
sl/rotching or contraction of the paper — for in truth 
it is a contraction, not a strotching, in the true sense 
of this latter term — goes on much more rapidly than 
tlio drying of tho glued or gummed margins, which 
have to resist the strain of the contraction, and these 
will be found to give way in parts; and in so far as 
they do give way, all the benefits of tho pi-ocess are 
lost, for the sheet will then present a most uneven 
surface. Let tl»e young draughtsman, then, put the 
drawing board, when tho process of stretching ” is 
complet ed, as we have described it, as far from tho lire 
as possible, and “ in patience possess his soul.” And 
as tlK're is no ment.a,l at^tiibiito more called upi»n in 
his oft on coiMpli(tatoil and trying work than that of 
“ patience, ” wit-liout which and its sister virtue of per- 
soveranc(» he will never become an able draughtsman, 
the sooner ho begins to exercise tlie virtue of patience 
tlie better for himself anti his prospetds, Tjet him, 
then, make tliis, tlK» first of his ui^tmd work as a 
draughtsman, the first trial of liis patient waiting. 

Bitflottltiea and DisappointmentB connected witk the “ Stretch* 

ing ” System of seonrlng Paper to the Drawing Board. 

Ihit with ail the care possible he will often .find 
tliat in this jirocess of stret.cdiing ’’ In's paper Jiis 
labour has been lost.’* Tlio (tontraetilo force of tho 
paper as it gvjulujdly dries is v(‘ry greiit, — much 
greater, in fact , than most yoimg draughtsmen will 
l>e inclined to believe. We liave seen j)aper stretche<l 
upon a badly made, yet apimrently, and in reality> 
comparatively strong board, put such a strain upon 
the wood that it lias fairly bout rouml the hoard till 
its paper side or surface was concave. Ihit this con- 
tractile force, which tlio paper exercises as it slowly 
diies, sometimes — and always too frequently and 
annoyingly — brings about a catastrophe which makes 
all the previous labour useless. For if there be a 
weak part of tho paper — and this is often created by 
having some part too highly wetted — this part will 
under the great contractile strain of the drying paper 
give way ; and the rupture is so complete and sudden 
that it will often announce itself to the ears of the dis- 
appointed and inexperienced draughtsman by a sharp 
orfiok or report like that of a small pistol. When 
this happens there is no I'emedy : the stretching of a 
new sheet must bo gone througli with, with wdiat 
patience and grace the draughtsniaxi ciin call up. 

First leiions of the Dranghtsman. 

On the supposition that his work meets witli a 

VOL, I. 


bettor fate than this, and that he has a sheet well 
secured on his drawing board, cither by this, the 
fttreicdiing process, or by one of tho other two methods 
des(jnbcil in a pri'ccding paragraph, the draughtsman 
is now ready to begin his work. To which end we 
presume also that he is supjilied with the nec^essary 
inslrunu'nts. We do not at tliis stage of our paper 
deem it nocossai'y to give either a list or an individual 
description of these, What brief description we shall 
give will he more in the way of showing how to use 
tliem than in thjit of explaining their peculiai-ity 
and construction. Nearly every one is familiar with 
tho instruments, aud if not, a few minutes’ inspection 
of those we name as cssentird to the young dninglits- 
man will do more to show thcar pi^culiavitios than 
pages <>f laboured description. What wo have to say 
on cacdi, so far as idicir use is conccrncil, will bo giv(‘n 
at tJio points in our paj)cr where we explain the 
difiorent sbigos of the drauglitsman’s work. 

If is earliest otlbrts in this will necessarily by of 
the simplest kind, and will at the start consist in 
the drawing of simple linos. What the varieties and 
peculiarities of lim^s arc, and \s hat the prohk'ins con- 
nected with ilumi, wdll be found in an early chapler of 
tho series of pnpc'rs under the lunnc or title of **Tho 
Geometrical Dranghtsman.” The draughtsman >sill 
fiml, as he hero proceeds, that many of the probharis 
given in this last-mimCMl paper will be domj in a 
much more simphs atul ready way by tho us(^ of tlu) 
drawing lunird a,ud tho T-s(|uare, and the otlior aj)- 
pliances to the use of which we shall forthwitli direct 
his attention. 

Fonoilling of linoB — Varietiei of PenoilB— How to Chooiie 
and Prepare them for Work. 

As all drawings, liow(Ucr simple, are ]jiit in in 
pencilled lines, tho choice,” ^‘treatment,” and “ use ” 
of a. good pencil is a- jirntter of importance. Time 
was, a, ml tliat at no dislant* period, when “clmice” 
was extremely limited,-- it iraleod had but few points 
of variation between what may he (‘ailed the normal 
extremes of V(‘ry good and very bad, or at least v<*ry 
poor. And, unfortunately for the impe(‘uiiious or 
moneyless young drauglitsman, tlio very good pencils 
were dear, while the very bad, tliougli miudi cboapor, 
were dear at any price, so far as nsefnlness as a 
pencil wJiich could be pointed and nsijd to give a good 
clear lino was coiKiOi-ncd. For a good drawing pencil 
with a s])ecial brand, such as 11 IT, or TT H II, or an 
F, or a B, one shilling was then the r(?gular price. 
And as for the penny pencils of the period, the less 
said about them a# pencils the better. Now all this 
is changed, and pencils can be purchased at tho price 
of one penny under any of the brands or maxks 
in regular use, wliich are positively of bettxjr quality 
than many of the shilling drawing iiencils of thirty 
or forty years ago. 
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THE FACTOET OE HILL HAND AS A 
TECHNICAL WOEKEE. 

Tun Otkjanibation, (Jkkeraij Duties, and Special 
Work of tuk Htakf of Factories for tite I'roduo- 

TTON OF Sl'UN ANT) WOVEN GOODM—THAT IS '‘YARN" 
AND “Cloth”— AND those ciiieflv in Cotton and 
Wool.— General Description op the Various Ilto- 

OESSNS OF MANUPAOTURK, 


CHAPTEE HI. 

Brief Glance at tlie Great Blitriot of our Textile Manu- 
factures continued. Its Practical SugrgOBtions. 

l.\ ilie piToecling chapter wo gave tinder this liead 
a variety of notOH, ending tliese with a desioriplion of 
SLot'kport. 3'liotto notos wo now conlinne. A very fow 
miles distant from tins town we come to a district 
wlu'vo cotton spinning and manufacturing is again 
t)ic staple of iTidiistry fur scores of thousands of hands, 
and wliore tall chimneys are the rule— Ashton-uiider- 
Lyno, Htahwhi'idgo, and the ^■i^‘inity. 

The spinning and manufacturing in the town of 
Asliioii-under-Lyne is of various kinds from coarse 
counts of yarn to medium and even to tlie lower num- 
bers of line yarns. The manufactui’O of doth is more 
\ aried in (!onsequence. This town is not marked for 
its possi^ssion of cotisiclerablo millwrights' or machinisis' 
works, though it has s(‘N'oral sniull works of the kind 
necessary for gt*ncral repairs. Passing on alH)ut 
a mile farther, we arrive at unollier busy town, 
{^Italoybridgc, a very ol<l place, with many very old 

mills. The class of Mork Ikh-o is also varied Le, from 

coarse counis of yarn i.o what is teimicd hno yarns 
« ranging frmn to 140". TJii‘i'e are two or tJi]‘ee 
machine makers who make a vai iciy of niacliines, and 
one or two chmscs <d’ machinery >n]iic1i rank with any 
in the iradc. 

VCe have now given a general statement of the 
various towns, and of the class of goods tiiey make, 
and liave also liinied at the machinery made in each 
town - i.e. sudi macliiiicry as is rc<|nin'cl in prodmdng 
coiton yarn and cotton cloili. It would be out of 
2 )Iiice at this early period to attempt to describe 
the various machines wliRih are used in cotton mills. 
Tlieiv doscrij)tion will be given as we proceed, begin- 
ning with the raw cotton and tracing it in each 
stage to the finished tliroad or yarn and eloth, where 
it will be reiaiy for the dyer, bloaclua*, or printer. 

Htill, luimorous ns are the towns, large in their 
aggi'ogate as ai-e the numbers of their poi)ulation, 
and vivid to some extent us is the idea tins feature 
gives of -wliJii the cotton ti’ade is, it requires more 
the distinct utterances of statistics to enablo imders 
to ai'T'ive at im accurate conception of tho impoi’t- 
aut part the cotton trade plays in our general 
manufacturing industry. Numenma as are now 
tte recorded facts and figures whi^h make up the 


resources of our statistics of the trade, we need not 
go far back in our endeavour to know what these 
wore, for it is only of comparatively reifcsnt years that 
anything like a well devised system of making what 
are technically called “returns" of our textile or 
indeed of any of our manu Pictures was adopted and 
carried out. It may indeed l>e stated witli some degree 
of certainty that before tho period of tlie introduction 
of the first “ Factory Act,” passed in 1833, all we know 
as to tho acliual condition of tho trade was but little 
better than any knowledge could bo — if indeed this 
term can bo ti’uly liei'e applied — which was founded 
upon veiy general inquiries, or w^hat is worse, 
alt' ion gh it was most frequently the case, upon mere 
conjecture or guesswork. Even now tho official 
“ returns " are not so full nor so complete us, and 
aTtainly they ni-e not publislual >\ith tho frequency 
and tho colerily which, their importance demands, 
Siall W’e can obtain fj-om thorn on the whole a fairly 
accurutc view of wdiat the condition of the cotton 
trade is. We may, perlatjLs, find sjnuio in a future 
paragraph to glanco at some of the leading statistical 
facts of the cotton and other textile trades. Mean- 
while wo leave this, not usually very interesting 
reading, to take ui> the more useful and instructive 
matter of our jiaper. 

Firit Prooeii or Operation through which the Cotton ii 
pBBied on Arrival at the Factory or Mill— The Mixing. 

Having in (■h«j)t.or J, very briefl}' mentioned 
the i)rocess of “picking" or “gathering" tlie cotton 
from the pods of tho cotton t^^o, and the iirepuration 
for the “ gin," and the “ i)acking," and named furthei 
the coiintiies from wliiidi tho bulk of our supplio'^ 
of cotton jii’O derived, and their qualities, togetlicr 
with the minimum and maximum lengths of the-* 
fibres, wo now present the reader witli a description 
of the first movement which is made when tho cotton 
roaches the warehouse at the mill. It is woighoAl 
US a matter of course, and in most mills tlio owner 
or his representative s(.'cs that each is “sjunpled" 
and the hamplcs of each bale compared with the 
sample wbicli itwasbouglit by; tliere being very often 
a slight difierence in tlie fineness or coarseness, or a 
Variation in tho length of tlie siaplo. If the cotton 
from any of the bales should bo much longer or finei* 
than that from others, those superior qualities ai-o 
kojit on QUO side for n better class of woi'k or goods, 
W'here two or more qualities are made in the mill. 
]f tlie whole of tho bales are laid without any 
scleci.ion, wliich is very often done, tho reader will 
see tliat tlie plan of mixing various qualities together 
cannot be secured. But this mixture is very desirable, 
as it must insure a more regular “mixing," and con- 
sequently a more uniform quality of yai-n can be 
pitiducod from it than by using one bale at a time. 
Most spinners wlien they buy cotton for one mixing 
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pui'chaKO one class, all American, or all Egyptian, 
etc, 

Mixing of Different Qualitiei of Cotton Wool, 

The mixing" being docided upon, the bides of 
cotton intoTided to be mixed are laid down side by 
side near to the place wliere tlie mixing is to be made. 
In mixing, in or-dcr to insure regularity, a layer is 
til, ken off' No. 1 bale and spread all over the mixing 
floor; another layer is then taken from No. 2 bale, 
and is spread ov er the portion of No, 1 wliicb is spread 
on the floor, and so the process is (tarried on until a 
portion of eiicli bale is ns(:td ; tlicn returning to the No. 1 
bale, another- layer is taken, and spread out as before, and 
so tliis alternate process is carried on until the wlioU? 
bales are mixed. Tn order to further mix the diff'erent 
layers or- parts of the bales, a very simple irieans is 
adopl-od wJj(n-(‘by this is insured •• by using a strong 
iron rake, the ioolh of course being set apart much 
fartlier than that of a garden rake (say about four 
irutbes). 'Pbe person wlio is appointed to tako the 
(*oiton from tJie mixing is expected to rake down 
Tlie breast of the layers, so as to make the mixing of 
ibe bales still mort^ nnil'orm tln-oughouL. TJiis method 
of j)]* 0 (teeding witli cjottoii,and tlie mixing of it, l)(*fore 
it is subject 1o any apiilication of maebinery, is the 
one most giuiei-ally adopted in cotton mills. Thirty 
to forty years of expoi-ionco in the general W(n-k of 
factories warrants us in saying that it is the most 
(iifHcieut course to adopt, in order to gain the best 
result in tliis tb(,< first operation of fiu^tory or mill 
work. We desir'<‘ to imprcjss on our readers Ibe 
impoilance of doing everything tlioroiigiily in every 
clepartmcmt ; for be it understood, if a mistake is 
made, wliethei- in the first manipulation or in any 
otliiT part of the jirocess of spinning or manufactur' 
ing, it cannot be fully rectified afterwards, liowevor 
much time and care be ap])licd U) do it. The adage 
** pv(?vontion is better than euro ” sliould be our 
motto through life, whether it poriains to us iiidi- 
\idually or (follectively. It is necessary to note, in 
i-(«fereneo to the title of this paragrupli, that the teriri 

wool " is oddly enough applied to cotton ; it is so, 
however, in order to distinguish the substance when 
in its original or fleecy or fibrous, from its manu- 
factured (Condition. In the latter case the term is 
cotton cloth,” or simply calico.” 

The Second Prooeie through which Cotton ii put in the Factory, 
—The Opening up of the Fibres or Lumps of Cotton from 
the Oompressed Bale. ‘‘The Willow." 

The first operation above described gone through, 
there follows that of opening up the lumps oi- masses 
of cotton, so that the fibres i-hall be as ](K).se as 
po.ssible. The machine used for this is called the 
“ Willow ” or “ cotton opener.” Tins mm*bme is, 
generally speaking, of a somewhat simple make; 
some are more complex. The one which is in use 
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very largely where a very low class of cotton is used 
— say “ fc^urat,” or any other kind of (jotton of the like 
nature — is termed an “Oldham Willow." Home of our 
readers will at once see the lu^cossity for the opera- 
tion of some ma(durie by which the cotton can be 
changed from the matted condition which picking by 
hydraulic pressure, and with a little moisture added 
in every few layers, gives it. Before describing the 
“ oj>ener,” it will be as well to glance at one reason at 
least for the imuieaso pressure which is apjdied in the 
packing of cotton. Most goods which are carried by 
water ui-i* ebar-ged by bulk, atid lliereforo sucdi bulky 
materials as cotton 'would cost a considtjrable sum in 
carriage if not pressed into as small a compass as 
possible. The cotton opening machine requires to be 
made strong in all its parts. The i?oLton coming from 
under such a pressure must of necessity bo closely 
matted together, like any oihei- material which has been 
placed under gi-eat fibrous press u re, Tlie “ opener ” 
“the Oldham Willow ”- -iilluded to above is made by 
mo.st imudiinists. Eimb inaclnnist may make some 
littb^ impi-ovoment in some department, liut still tlie 
original princi))le of tiie machine is maintained. The 
imudiino in its outer form is almost S(|Uiii-o, but the 
working part, vvliore the cotton is operated upon, is 
c.ylindri(‘al. A cylinder which carries a series of what 
are called spikes, revolves rapidly within this part; 
and at the top of the maidune there are fixed flat 
bars, wfiiidi also oariy spikes, sometimes called “ teetli," 
The teeth, or spikes in tlio bars, are so avrangoMl that 
the spikes in the cylinder pass between those in the 
bars, and in ibis way tlie entanglinl or luinjiy parts 
got separated. In addition to the cHitton coinijig in 
contact with tlm spikes, and being Ibtai soinewliat 
opened, it is further driven about with tlio draiiglit 
— a currenl^ of air produced by the M-ry rapid 
rotation of llu' (tylinder. Tims the cotton is driven 
against a series of fixed liars or gra(,ing, and this 
process cleans or frees it to a (‘onsidei-able extent from 
seeds, shells, and sand, and it is thus changed from a 
lumpy condition to tliat of a light material. Being 
freed somewhat from sand, seeds, etc., it has a rnmdi 
brighter' appearance, and is also rnoi'O suitable for tlio 
machine next in scfpienco, called the “scuiidier” or 
“blower," horeafter to be described. 

Cotton Opening Iry the “ Porcupine Machine, 
Another cotton opening iiiaobine, wbicli is used in 
some districts largely, as being inor(» suitable for the 
vaiious (dassos of cotton, is called a “ porcupine.” The 
cylinder in tin's case lias no spikes or teeth wliicih 
resemble those in the “Oldliam Willow.” This macliine 
is fed willi cotton, on to wliat is called an “endless 
apron” — i.e, this apiHim being like an endless lap, 
having rollers put into the inner part at each end, 
and those rollers being driven by other paHs of the 
niat^hine, causing it to travel along continually, The 
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cotton is tlius carried forward to what are called feed- 
rollors, The.se feed -rollers, running at a very slow 
speed, of («>urso carry the (jotton but slowly. One of 
the “ porcupine" cylinders — most machines of tliis make 
contain three or four “ponsiipino " cylinders— being set 
(dose to the feod-rollers, and running at a considerable 
speed, iji. some hundrenU of revolutions per mmiiio, 
and the cylinder having a considerable inunbor of 
what may be termed teeth," set very much closer 
together and smtiller than the spikes of the “ Oldham 
Willow," is iriiendod to separate the matted, lumpy 
parts of cotton ])y taking it from the food-rollers 
in small i)ortions; and as these small poj'tions are 
taken round by the fii'st ** porcupine "cylinder, tJiey are 
delivered to the second, and so on until the whole of 
the cylinders have had their share in the o])eniiig-up 
processor dividing. Tlie cotton as it leaves tlio poriai- 
pino mticliine can be left eitlier in a loose, open, downy 
condition, or may bo made into a lap in tlio Sfime way 
us the laps are iiifulo at a scutcher or any finishing 
“lap machine," hereafter to be described. The “por<ai- 
pine" opening maeliino, when it was fii’st introduced, 
was said to be a. machine which would quite supersede 
the “ Willow." As time passes on now ideas j^roseiit 
themselves to the ingmiious, and in time others are 
brought out in the ])lace of those which {\ro and have 
been in use for u long period. All new idea.s are not 
necessarily, as some think, always advantageous, <u* in 
any degree in atlvance of those which are ami have 
been in use for many years. The pT-incipl(.‘s of the 
cotton mnchiiios rar<'ly, if ever, change from their 
original plan ; though ditierent in form, tliey still 
maintain their origimd bn, sis of ojx'ration. Wo believe 
that all, or nearly all, macdiines are improved, but 
still adhere to the original plan to a grout exi.ent. 
This indeed is a remarkable feature of the mechanism 
of tlie cotton manufacture, the original inventors 
seeming to have hit exactly ujmn wliat the machine 
v\as re(|uired to do, and tlio pe<!ulia,r mechanical 
movinnent or movenn'iits roipiired in the doing of 
this. 

The Venioal Cotton Opener. 

Tlie machine whi(di we next refer to is one to-day 
largely in use. Tlie working parts <d' those above 
alluded to are on the horizontal principle, but the one 
vie are now about to udvsrt to is in the working 
part “vertical.” This principle lias its advantages 
over the other aiTflngements we have previously 
noticed. Wherever power for turning is required, 
it is of importance tliat regard to that should be had, 
as it is a continual exjiense in fuel. Where, more- 
over, an increase of jiower is required, thei-e is an 
increase of friction, and an increase of friction means 
more wear and tear and more attention, more oil or 
other lubricating substance ; hence the advantage of 
having machinery so calculated and arranged that 


expenses in working will become minimised. The 
opening matdiine now to be noticed is one of this 
class, it being vertical, and the foot of the spindle 
working in a step with a bearing at the top. It 
will at once bo seen that, the spindle-foot being 
of so small a surface, and the weight of it resting 
on that foot, the friction must be muijh reduced. 
Our readers would do well to experiment on such 
simple matters (wo allude to those who Im-v'e not 
had the opportunity from experience to prove it), and, 
simple as it may appeiu-, it will cause the stiulioiis 
reader to think out other mutters. It is well for tho 
technical worker to nolo that all large questions ai»o 
comi>oHed of many small points. It often happens 
that small things are cast on one side as unw'orthy of 
notice. This reminds us of a young woman, a house- 
hold servant, whom the housekeeper was teaching Ui 
read. In course of time she began to pass over little 
words, such as to^ iHj itj 'ij\ eto., etc., and when her 
tejudier said to her, “Jane, you h/ivo passed over 
so-and-so," tho answer Wiis, “1 will not be botlierixl 
with such little insignific/int words.” Wo know from 
observation and experience that tlio same pi'inc*]})lo is 
carried out too often in the everyday work of factories, 
many thinking a little matter (oven whore principle is 
coin'crned) to be unwortliy of thought. To return ; 
this method of cotton opening requii'es mvicli less 
power than the horizontal beater shaft, conse(piently 
involves the use of less oil and less power, while tho 
“ wear and tear " is also consixiuently less. The above 
are not tho only considerations connoclod with the 
maclune. in idl librous maiorials it is of tlie greatest 
importance to have machinery of tho best mnke, so as 
to secure the “staple" — /.«. the fibres ■ from injury, 
i.n. from breakage. Tins verticnil oyiener has this 
advantage ; though an iron machine, like others in 
that respect, it is very unlike others in the niotliod 
of opening the cotton. The cotton is conducted to 
tlie beater- by two iron rolloi-s (feed-rollers). This 
feeding arrangement constitutes retilly the gi-ound of 
<iomplaint with the ordinary beater ; for as the cotton 
is drawn tlirough by the feed-rollers, it is held fast 
by them for a time, while the boater is striking 
against the cotton with a terrific force, and with 
successive strokes at tlie rate of, say, 2,800 blows 
per minute (two arms in the beater). The speed of 
the beater, as given, will afibrd some ideti of tho 
chance which eaxjh tuft of cotton has to be pun- 
ished, so to say, by this rapid process. Each piece of 
cotton, say the length of a man’s thumb-nail, i^eceives 
at least from a hundred to a hundred and fifty 
blows per minute. Altliough the feed-rollers are 
continually moving, the rate of motion is slow, and 
the beater having two arms, two strokes or blows 
are given at each revolution of the beater to the 
cotton, which is lield fast between tho feed- rollers, 
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TEE CALICO PEINTEE. 

The CiiKMiiSTBY and Teciintcal Operattonh of tub 
Trade. 

CHAPTER V. 

Continuing our de-scription of llie colour-l)ox and 
furnislior given in laet chapter, it is to be rioted that 
the colour-box is fitted witli screwa, to allow tlie printer 
to los.sen or increase the preasiire of the furnisher against 
the engraved roller as required, In some cases a bnish- 
f iirnishor, made of stout bristles in the shape of a roller, 
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is used, but only when the colour liiis a toncleiicy to 
clog or stick in tiie engraving, 

8. The Chari tuj Doator (iig. 10, a h c d h f ). — 
Tliere ai'e sevoml (]uiililii\s of doistors, of which the 
ordinary steel doctors wliicli are in general use are 
the best, and mostly applicable for all styles. In 
cases where the stetsl would be tutted upon by an 
acid in ibe eoloiir, cop]>er or nickel -phi ted doctors are 
adopted. 

The doctor is comjiosed of a tbin piece of stool, 
siiiliciently tempered that it may bo cut by a good file, 
placed between twoiuoces of bniss called doctor-shears. 
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fitted with tightening scx'ews; after the doctor is 
packed perfectly straiglit in tlie frame, the tightening 
BcrowH are screwed up, securely holding the blade in 
its placjc, firm and ti-iie. To tlie pieces of brass or 
doctor-shoai's are fitted two levers, bent so as to come 
under the colour-box, on which are hung weights to 
originate tho necessary pressure of the doctor against 
roller. Tliere is an arrangement of lever* attached 
to the centre of the doctor, and connected with an 
eccentiic fixed on the axis of the bowd, by which a 
steady, gentle, vibratory movemojit is given to the 
doctor, tluiw the more ellecstually i*e moving tho colour 
from the smooth parts of roller, and also preventing 
tho doctor from wearing unevenly. On each end of 
the doctor-sliears, and close to where the levers are 
fastened, is a small centre, which fits into small bmss 
steps, fitted witli screws to move them away or closer 
to the roller as required. Those are called the doctor 
steps. The doctor is pressed against the roller at a 
tangent. It is tho object of this doctor to scrape olT 
all tho surplus colour on the roller, taking it off the 
plain parts and leaving colour in tho engraved parts, 
which at once comes in contact witli tlie cloth to be 


printed. The printer’s art consists chiefly in whetting 
and adjusting his doctors, as tho slightest roughness 
on the edge of tlie doctor will spoil the print, so that 
the doctor is one of the moat important parts of the 
macliine. 

9, The Lint Doctor is a similar one to tho clearing 
doctor, but presses gently on to the rollei* after the latter 
has printed the cloth, and therefore between cloth and 
coloui‘-l)ox, for tin; purpose of caUdiing any dust or 
lint that may fall into tho colour, cither from tho 
roller itself derived in passing over the cloth, or from 
tin; cloth above. 

Having described tlic main piirts of a printing 
machine, w’e now take, as an example, our macliine, 
and describe it moi*c fully. 

Desoription of a Twelve-colour Printing MaoUne, drawn in 
Plates XXII. and XXIII. 

We give in Plate XXIL tho drawing in elevation 
of a twelve-coloin* printing machine, and in Plate 
XXI IT. tho di'ving apparatus conxiocted tliorowiih. 
VVe proceed first to describe siicli details of the machine 
as are shown in the diagi-am, and Ikon traire the work- 
ing of the sfime. It is well that wo should mention 
that the machine we now dcsciibo serves only as a 
t}f}>r or eMUnjth ol‘ ihe machim;s now iiianufactui'cd, as 
many details— and important ones too-diUbriu different 
makes of machine. Tlius the ayiparatns for washing 
and ilrying the back-grey is generally dispensed with, 
that operation being performed entirely separately 
from that of printing. The drying apparatus, again, 
has boon greatly improved, and an entirely different 
method of drying tho printed clotli has boon intro 
duced in tho latest makes of many-colour printing 
machines. l7pon this subj(?ct we hope to treat more 
fully furlhej' on. The new’ prexjess of drying is by 
means of hot air blast, and is a greatly superior mode 
to the older — the most delicate colours, as w’ell as the 
ordinary, being more gently, gnidually and evenly 
dried without deterioration. In certain pai-ts of the 
following description the two Plates XXTI. and 
XXllT. are to be taken in connection. 

A, (Plate XXII.,) tea of machine. 

B, the or sunken portion of flooi*, extending 
under from front to back of naudiine about one foot in 
deptli, to enable tlu; printer to roaeli the lower i-ollors, 
etc., and in which he places his colour tubs for re- 
plenishing tlio colour boxes. 

C, the framsmork^ or one of the two supporting cast- 
iron sides of the machine, whicli Ls fii’mly secured at 
tho bottom part, d c', to the foundation by means 
of powerful bolts and nuts, 

D, D, the twelve arms of the fraiiiew’ork, correspond- 
ing to and holding tlio twelve mandrils, n, n, and 
printing-rollers, 0, 0, and tlieir respective colour and 
Hut doctors and colour-boxes and rollers, and fitted 
with inecdianical arrangements for moving the printing- 
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I’olleivs in fuiy direction, and for adjusting the colour- h A, drying apparatus for pnnted oaHoo, whieli 
boxes and doctors and their »icces«onos, consists of a senes of steam chests, close to which the 

E E, roof frammorkf for supporting the various cloth passes, 
rollers, shafts, etc. ^ h for wttshM hack-yrey. 

F F, prlntiny cylrndar^ or massive cast iron cylin- j apparatus \ov washing h(ick-yr€y, 

drical surface, rovolvable on an axis earned in a It is evident tha': our dmwdng, being a section, gives 

movable centre-pioee, such that the cylinder may only one view of the machine, and hence niuiiy dr tails 
thereby be luiscd or lowered to a certain extent. of it and its working are not shown, The,^e, how- 

0 0, wheel, ov large toothed or cogged wheel ever, it is hoped, are sufficiently explained in the 


which driN Osor revolves all tlie twelve printing rollers, 
I)y fitting into the teeth of each of the siiadl cog-wlieels, 
one of wliich is attnclied to, or is in tiie same shaft or 
iLvle as, the mamlri/ of each roller. The cog-wlieel on 
(■jicJi roller is not sliown in tlie drawing, 

11 II, large coy (Irirlny-mheel, on engine shaft, for 
driving the (h'awiog apparatus, by means of stni]) 1 — 
in otlKT words, for IwiiiJizig or pulling or guiding the 
oJolh, etc., to and from tJie m/iebiue. 

/ I, large toothed or mjycd drirhuj- wheel, on same 
shaft us (.To\v’n whooi, for conveying /)owor to the latter 
from 

.1 small coy drlrhoj-whcd, which is driven from 
K K, ]arg(? wheel on support k, attached to side of 
wheel J J, and driven from crank of (‘iigino-sliaft. 

It is thus seen how tluj power is conveyed from the 
<^ngine-- the nuurhine having a small engine for driving 
it alone — to tho mandrils and printing rollers, the 
cylinder being revolved or cjarriod round by tho pressure 
of the printing rollers. 

x X, the Iron unnndrllH or axes or axles of copper 
printing rollers. 

o (), the twelve (!opj>er printing engraved rollers. 
c p, screws for adjusting copper rollers, 
q, wooden roller for blanket. 

It, s, s' and c, small rollers for stipportiiiga.ml guiding 
the hack- grey, 

'i', palfeys, all on the wirne shaft, foi* four sti-aps, two 
being on each side of niacliine, 

0, two rollers for receiving printed cloth and folding 
it (termed plaiting ") by means of two other small 
wooden rollers, v, which are ^Sliing” in a frame which* 
swings backwards and for-war-ds by means of an eccen- 
tric attached to one of the two arms of the frame — 
thus.throwing the web of cloth into folds jis it falls-- a.s 
shown at w, which is a pile of printed and dried calico. 

a and b are small wooden rollers supporting cloth 
coming from diying apparatus towards rollers u. 

c, the roll of washed and dried back-grey cloth — 
being wound upon an iron axle in an open slot, so that 
as the roll increases in size tho axle rises. 

dy pidhy for strap and roller on which rests and 
revolves the roll of grey cloth. 

e, yuide-rollery mentioned above, for back -grey. 
fy rollers inside water cistern for running back-grey. 
y^ apparatus for squeezing back-grey as it loaves 
washing cistern. 


text elsewhere, and l»y aid of other diagrams, so that 
as correct ii knowledge of the inacliine may be obtained 
by the as is possibh* fo obtain witliout 

praetical experientH'. The ri‘ader is now invited to 
examine the (lisjjositioii of tlio .irrows in f lie dm win r--, 
showing the directions in winch tin* cloth, etc., (ravels 
when the machine is doing its work. Tlie cvlimh'r, in 
the yirst place, is coV(‘r(‘d, excej»(, as will he ivadily s(*cn, 
a small ])t»r(i()n directly above centiv, — with an endio', 
weh of hlankcf, wiiich lams iVom i-oljer guided h>’ a, 
into the niacliinc — /.c., hetween iJit; iron cylinder and 
tho next web, wJiicli is t la* back-yrey, 'riiis is on the b)|i 
of tJm blankci, and passes with it in at- x round cylin- 
der ami out at \', and jmisscs on to tlie wasliing cylimltM-. 

It passes, after washing, tJirougli drying a]>paral.ii>, 
and then towards rolha* c, when*, it collects inti> a. r<»ll 
ready for using again as a back grey, or for utilising ]>y 
printing upon it. The uoprluicd or vdiile caUeo comes 
from a largo tightly wound roll of it, on an axle suie 
ported on a fj-aming not shown in th(^ di-awiug. I'Lo 
axle lies in two movable slots, and is wciglited down 
Avith sufficient pressure that the clotJi unrolls tightly 
an<l evenly— it being kept tight stretched uiid smooth 
bypassing between several stvetching-hars, as it enters 
the machine, wl)i<ib it does at, \ on the top of the 
buck-grey, and thus bcl.woen the and the printing 
roliei-s. A boy (tho ‘‘ ba(!k-tontur ”), stands Ixmeath x 
watching the cloth ent.ering the maediine, and with Die 
fingers keeping it in (he centre and correcting any 
“scrimp,” or folding of tin? cloth. Tla^ cloth tlien 
passes round the lylimler, and so beiwt^eu it and all 
the twelve printing rollers and tinsir {‘liarge of colour, 
and receives the impression from each roller as it pro- 
ceeds round the cylinder, until on rciurhing it has the 
full twelve-coloured pattern. It then passes onward, as 
iiulieatecl by the arrows, and is dried by passing close 
to, but not in actual (jontact with, the steam cliest.s the 
biick or unpriiitcd side of cloth being that next the 
surface of chest. Being now^ dry, the printed calico 
passes out by rollers b niid a, Ijetween the rollers at v, 
and is folded at w ready to be conveyed awiiy to 
undergo the next process, wdiich is generally that ol' 
steaming or ageing. 

How to Work tho Printing Maohlno. 

Having now described the main parts of the modern 
printing machine, it still remains for us to point out 
in our next chapter briefly how it works. 
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THE BOAT AHO SHIP BVILDEB. 

OUTLINK9 OP THK PRIXCIPLKS A.ND PBAOTIOE OF Hlft 
Art. 

CHAPTER II. 

Sxplanfttion of oertain FolnU in oonneoticn with the Floating 
of Bodiei.-^The Centre of Buoyancy —Why a Body Ploati. 

The reason wliy one Ixjily flouts in or upon the wuter, 
and jinother sinks into and down through it, depends 
wholly upon the lelation whiolitho weight of the body 
has to a cei'tuin bulk of the water; and as Ihis rela- 
tion has of necessity an intirnutu connection with 
floating bodies, before the ])oint <*onnectod with ihose 
bodies named in the title l,o tliis paragraph can bo 
understood, it will lie necessary lierc* briefly io allude 
to that principle in liydrosta(a<!s nr bydiiiulies whitdi 
regulates tJie flotation of bodies in walta*. In matter 
wbicli is poi'fec.tly fluid, tlio partictles or molecules- the 
former of tbo.se two forms is that a])plied in pratjtice 
t/O fluids, the latter to solids — are so mobile, that how- 
ever iKwirto each oilier they may be, th(*y move about 
jimongst om;li otber in all dinattions freely, and with 
such facility that tliey give way or yield to the smallest 
pressure to which they may be subjected, causing tliem 
10 change their position rclalivady to one another. 
The two fluids with which the ineclmnic has cluelly, 
almost wholly, to d(‘ai, aro aiv and water; and the 
grea,l, diflerenct* hetwoon them lies in this; that while 
air and all gases are in one sense easily (aanpressed or 
^(|iioi 7 ,ed, so io ^ ay, together, so that tliey can be made 
to occMjjy a s]ia(‘e or Imlk voi-y mncli loss (huu their 
normal volume— water is practically so iiusomjsressilde 
that ill all meclianiciii investigations tlu^ t ompitssion 
is disregarded altogt‘tlier, and it is taken to be abso- 
lutely non com])Ti‘ssilde. Tn the ])ap(‘rs treating on 
the princip](fs of imaihanics already alluded to, the 
I'eador will Ihid it e.\i)lained lunv a, pressure a, cling 
upon a .solid body is eNcrled in one direelion only, 
or acts only at one point or })art of Ihe body, or in 
single lines of direction only. Ihit it is tlie s])ecial 
characteristic of a liijnid tliat it gives e(jun.lityof jires- 
sureinall direef ions; sotliat if the surface of a, body of 
w'aterbo subjected to a ]»ressun.‘. or force on any ])artof 
that surface, that jiressuve or force will be transmitted 
to every particle of the water and in all directions. 
This preperty of a li(juid, siujli as w'atc'r, and wliicli 
is formulated in the phrase ** pressure erjual in all 
dir'ections.” is one which Cannes with it the mo.->t prac- 
tical consideration to flie engineer and mechanic, as it 
influences a very widora.nge of their work. If, then, 
any part of the surface of a body of W’ater be presse«l 
upon by a foree equal say to one ton, this force will he 
^mnsmitted through the particles of w’ater constituting 
the whole body, and will act equally on all parts of tlie 
vessel wliich contains it; and if this w'as closed at top, 
the upper part wruld he submitted to the stime pres^ 


sure, or be resisting it with a force equal to one ton. 
This equality of pressure on all the surfaces of a vessel 
CA>nUiiung water, and on part of the surface on which 
a pressure is exerted, is familiarly, yet clearly illus- 
trated by the domestie appliance known as a water 
bag or bottle used in cases of sickness. Tliis is made 
of india-rubber, and from its elasticity aduiits of the 
mobility of the particles of tlie water with which it is 
nearly tilled allowing itself very obviously. For if 
the bag or bottle, w hile lying on a flat surface, as that 
oi a table, be pvt^sod upon at one pjirt by the fingers 
cr the hand, tlie upper surface of one j)art of tho bag 
will he seen to curve upwards, w’hile tho c^idw’ill (!urv© 
or bulge outwards ; ami if the bag be moved along the 
.surface till part of it projects bexond the labh*, jjurtof 
the surface of the bag will be soon to bulge dow uwavd.s 

this sliowing that the pressure is’transiinllcil in all 

directions. And that it was cijual in all those, could 
bo easily ono\igli shown by using a given w(‘ight to 
gi\e the pressure, in place of tlie iinisailaT I'orce of the 
wrist a.nd hand. 

Oertaln PoifitB connected with the term * Centre of Buoyancy 
' tnui Floating or Flotation of Bodiei. 

When a body is plaeeil in water and lol't frO(‘, it 
has a temloncy through gravity Lo drop or sink 



downwards to the bottom. a.nd (his in pro;:oi( ion to 
its own weight. But as, in ac('oi’< lance witii the 
principle or truth in physics known as “impene- 
trability,” no two bodie.s can cvi.st in the .sa.m<! ,s]>ai*c 
at tho Nime lime— when the laxly liuds a place in 
the w'ater it (tan ordy iind it by dislodging, or, as the 
tecjuiicul term lias it, “displacing” .soiiu' of the water, 
in order to make room, so to .siiy, I'oi* itself. If we 
suppose that the Uxly was pla,ct!d ujxm tlio top of an 
elastic sub-stance, such as W’ool contained in a \es.'el 
or box, tlio body could only And a place aniong.st or 
upon tho wool by (iompressing it, or s(jiiee/,ing .so mncli 
of it together as to givo it a. plac(\ .anil the nmouiit 
of compression wouhl be that due to tlio vvinglit of 
the body. 13ut water, as we have sotm, is praclicailly 
incompressible, so that a number ol particles wliicdi 
would go to make np a bulk of the same kind or 
amount as that of tho body must be displaced before 
the body can find a place, so to say, in the general 
body of water. Thus, let a 0 c d, in iig. 1, be a 
vessel which contains water— it may represent the 
(,!ros8 section of a canal lock — and so lull that its 
level is exactly on a level with the upper edge, as 
a d. I^et e/</ A be a floating body placed or plunged 
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into the water, the top line or siirFace of which is 
coincident with the lino a ^ of water in tlie vessel 
a h c (I Now, as ^^room must bo innde for it,” to 
2 >iit the point in familuir hingua^^e, in virtue of 
tiio p]'iiieii)lo of impenetj-ahility above iiametl, it is 
obvious tliat just as mu(?h water and no more will 
be flisplufiiul from tlie general body a« will be pre- 
cistdy (‘(juivalent to the bulk of the body e f ff h. 
But as the vessel is quite full up to the very edge 
u d, and as room must in turn bo made for the bulk of 
watei’ displaced, this of necessity flows over the edge. 
If the body e /<7 h be now taken out of the vessel 
a h c d, in proportion as the body is lifted up so will 
the* wat-er in contact with it be foj'ced b«ick to fill up 
what was the void- the pressure of the water being 
ocpinl in all dirot^tions — till the point >vhere the body 
is wholly lifted out, wlion the water which was 
around the body is forced into, or (lows back into, the 
s|)<u-e which the hotly occupied. But while the water 
in the vessel assumes the level, tliat level is no 
longer at the line a but is ai a point, say, re^ire- 
seiited by the dotted line which is just so much 
low’er as the bulk or volume of water now jiresent in 
tlie vessel is less than when it was filled up to the level 
of the edge a d, and this volume is prettisely the wune 
as the bulk or volume of the body «/(/ h. To prove 
this we can suppose that w’heii tlie body was first 
plunged into the W’ator in a It c d, in place of Jillowing 
the volume displaced or dislodged by it to 3 *un uselessly 
away and bo lost, it liad boon caught nj) and retained 
hy anotlior vessel, as m n, in wliich ah c d was placed; 
if the whole of this be now collected and put back 
again into the vessel a h o of which the lessened 
amount or volume gives the level or lieight at ij, fJm 
vesstd will bo again filled, and tlic level will rise to 
tlie original level a d. We here presuiiie that care 
lias been i-akon to collect and return the wliole of the 
welter which was displiuied " by the hotly <3 f (j h, 
and, as the vessel was quite full, was of necessity 
disloilged ” from it. The student will now see how 
any body wdiich is placed in or plunged into water 
displaces a volume of water precisely equal to its own 
bulk, and if there be room in the vessel holding the 
water the level of the w^ater will lise just in pro- 
portion to the bulk of the body, or if the vessel be 
full, as much will be dislodged from the vessel and 
flow away from it as equals that bulk. 

Diiplaoemeat of Water by Bodiei Hosting in it, 

All the consiileiiitioiis connected with the point 
above explained are quite independent of the fact 
whether t)»e body remains or is suspended, so to say, 
in the position as in fig, 1, or whether it sinks lower 
towai’ds the bottom, or rises up or ** floats higher” 
in the water. But if the point be further pursued, 
the young reader may see the reason why one body 
sinks in water till it imches the bottom, or sinks so 


far that it is submerged or covorod with a certain 
depth of water above it ; whiJe another body does not 
sink, hut is sn 2 >ported, to use the popular phrase, by 
the water, ami floats" upon tlio surface, or more 
correctly, sinks so far into tlie water tiiat part of the 
depth of the body is siibiriergod below’ the surfac?e or 
general level of the water. Previous to the body <?/</ 4, 
fig. 1, being placed in tbe water, the volume of water 
it was about to displatu-*, and which volume is obvi- 
ously rt'presented by the same bulk namely, e/r/ 
must also, ami obviously, luvvo been supi)orUHi or hold 
up by the pi'csonce of the w’ater acAiiig upw'urds in the 
dii^eciion of the ai-iw k on tlie lino///, wbitdi wo can 
suppose to bo the base or bottom of the bulk or volume 
of W’ater eft/ h. This the young j'oader will sec must 
be so if ho remembtu's wlint lias been said of pressure 
acting eciunlly in all directions in a body of w’ater. 
And still conceiving a volume or bulk of -water, as 
be as it wer-o distinct from the general juass, 
it will be pressed equally in the direction of the right- 
hand arrow’ on the side g 4, as it is pressed in the 
direction of the left-hand arrow on tbe side /«, and as 
iL is pressed upwards in that of the aii'ow 4, and being 
thus pressed equally on all sides, the volume rests 
quiescent in tlie position as at r/// 4. Now, keeping 
in mind the fact of the upw'ard pressure acting on fg 
in the direction of the arrow Jc as holding, forcing or 
pressing up the bulk or volume of water represented 
by cfgh, — if the student will now’ conceive tli is bulk 
to be taken up and occupied by a floating body of the 
same bulk or volume efgh, it is obvious that its 
lower side, as/ g, and its right and left end-sides « / g 4, 
will be acted upon by the water in the direction of 
the ari*ow h and those near the sides, i and / just 
as in the case cited above, wdioro w o supposed the bulk 
cf y h to Ik{ water. The point here stated is one of 
such importance in all questions connected with the 
science of hydrostatics as affeciting bodies or vessels 
placed in and floating on water, that it will be w’ell 
still further to go into its consideration. Take any 
body or mass of water enclosed, whether it bo by the 
banks of a river, th(! walls of n dock, or the sides of 
a canal lock, in the large, or in a, vcss(?l of no great 
dimensions in the small scale. Jjot us conceive of this 
body or mass of w’ater as being made up of a series of 
hexagonal columns, whicli from their sectional outline 
or form will lie closely togesther without any inter- 
vening space, the eiu'losing sides being finished with 
half-hexiigons and the voids filled so as to form the 
wliole surface of hexagons. The height of these 
hexagonal columns is equal to the depth of the moss 
of water or its height from base to level line at top 
of enclosing space. If we conceive of those columns 
being infinitely small in section, all of the same height 
and all vertical, the surface of the w’ater will be level 
and quiescent — that is, when not subjected to any 
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exterior force, aa that of wind, tending to disliirb 
that level and raiw^ one part above the surl'ace of 
another pai*t. And being thus perfectly quieKcent in 
the ctoriditioiifcj hIkjvo named, the colinnns as a whole 
must be in a balanccxl (Huulition, or, to use the tecli- 
jiical expression, in equilibrio. If we furtlun' coneeivt* 
every one of the hexagonal columns to be cut across 
at certain definite intervals of its Jieiglit, we have 
a series, so to say, of <liscs of dcfiiiitti thickness, 
the whole height of the column beirig made up of a 
series of those discs, each oti(‘ resting upon jinotla'r, 
the list one at the foot of the column rt^sting upon 
the bottom of the dock, carial hj(;k, or riviu- bed, or 
b{\se of containing vessel, and exerting tliereon a 
certain pressure. It is obvious that the amount of 
this pressure is determineil by the iiumlier of the 
discs — that is, by the luaglit of the colun]n. We only 
make this rtunark ii\ passing, as it refers to another 
hium-h of hydraulic engineering j we laive at present 
to concern ourselves with the relation which one disc 
has to another hi the same columns, and tha.t wliicli 
tJiis bears to the other columns surrounding it. If 
we suppose tlie column to he i^epresented by the arrow' 
/r, in tig, 1 {anle)f n disc at any point in its height 
betw een the bottom and the top — as, say, at a point 
coiiKailent with the line ij — possessing as it doi^s a. 
certain W'oight of w’ater, has a temhuicy, if not sup- 
ported, to drop or fall down vertically in the direction 
of tile arrow' L But the iliso cannot drop, because it 
is su])])orted by a disc immediately below it; and this 
lower disc* as indeed and of necessity the upper disc 
in oiir supposed case — is key it pressed or pressing up in 
its effort, so to express it, to escape from tlie yn‘essui'«s 
wdiich are being exerted on all sides of it, as In the 
direction of the horizontal arrows i and^', fig. 1, and 
the vortical arrow Ic. Tho same holds true of any 
other column ; and all being under precisely the same 
conditions, the result is that the whole remain in a 
state of balaniHJ or equilibiium — that is, sujiposing 
that no exterior distin’bing force is exerted on the 
mass of iliom. 

Diiplaoement of Water by Bodiei floating in it 

{vontinm?). 

And by enlarging our conception of the size or section 
of the hexagonal columns, wo may arrive at tho idea of 
one of tliem so large as to weigh, say, one pound. 
Now, in this case it is evident that the hulk of ilio disc 
would be, could l>o, no other in weight than one pound. 
And giving to this bulk tho technicjil name used in 
reljitioii to this part of tlie scienco of hydrostatics — 
namely, *Wolume” — we fthouht have Lho disc of a 
volume equal to the wreight of a pound of wat<*r; and 
the prossiu'e of tho disc immediately under it — that is, 
the disc having also a weight and a volume equal to 
the weight of one pound — would press upwai’ds with the 
weiglib of, or the pressure corresponding to, a pound. 


And if we comjoive the place of the disc of water to 
be occupied by a disc of wood, the volume or bulk 
oi tlm w'ood w ould be exactly the sa-im? as that of the 
tlisc o: W'iiter it “ disydaced.” And the conditions as 
to pressure W'ould he pn^eisely the same. In this case 
we should say iliat tho disc of wooil which took the 
place of — or, to use tlie technical term, disydaeod tlie 
disc oi w’atei' r(‘pri‘seiited a \ olumo equal to its w’ldght, 
i)r vice VP)' fid. JSor would the {uindition bo altered if 
w'o sLiy>y>o.so that the disi-, sjiy of an inch in thickm'ss 
or height, considered in relation to the vertical column 
of W’liiitli it formed a part, was comyxisod of two 
materials, half an inch luang of wood jind half of cork: 
although the one half might be twice as la‘avy as the 
i>tlu‘r, the bulk or volnnii' would still be the same as 
that of t}u,‘ disc of water wliich it displaccal, and . thus 
this conditions would lie as lu'fore ; the volume or 
bulk in all these <;a,Mes being ila.^ dominant considmu- 
iioii, and this ivgulating the weight, and tlua-ofore 
the pressure, of watm* which this volume royire- 
scaited. 

Further Congiderations connected with the Displaoement of 
Water by Bodiee floating in it. 

Bearing in mind wlait lias been said us to yiressure 
of water being eipial in all dinsjtions, and in relation 
to the case, riqiri^^ented by lig. 1 the fai-t that 

the uyiwartl yii-essnre acts on / <j in the <lirecti(in 
of the arrow kj holding, forcing, or yiressing up and 
suyijiorting the bulk or volume of winch may 

be consuleretl as sender uyi of a number of the discs 
referred to in tin* last two yiaragvayihs, reyiresented by 
ivailer will now eoneiave this bulk to 
be taken up and otJinipied by another body of a 
different character, say a solid, which Iloats at tla‘ 
same level, lie will see that the same yiressure as 
veyirt wilted by the upvvard-yiointing arrow k forces, 
liolds uyi, or jucssos uy»on the solid boily and yirevents 
it from sinking. We have seen that tlie bulk of 
W’ater disyilaced by this body is (‘(jual to its own hulk. 
Now’, the force reyn-issented by the veiiieal arrow /•, 
lailding uyi the soliil body, is af/ml — as it is also vppo- 
ttUii — to lJui wei{iht of the volinne of dinjdaml wider. 
Thus, if the volume of W’ater disyilaced from the vessi‘l 
a b c d in fig. 1, and caught up by and nstained in 
the vosstd m n, lu^ taken and weighed, ami tln‘ii the 
solid body ef ij h w’hieh, lu‘ it reimmilienid, floats in 
the position efij h — he taken and also weighed, tin* 
weight of tlie one will he found exactly equal to the 
otlier — that is, on tlie suyiyiosition tliat all the watei’ 
disyilaced from a h o d bo taken from the vessel k L 
If the weight of the disyilaced water be less than 
that of the bo<ly, thc^ diflerenee show’s the W'eight or 
quantity of water lost, or such as may be suyipostal to 
be lost, by some of the displaced water adhering to 
the sides or surfaces of the vesstds. Bearing this truth 
in mind, which wo have italitased above, we now see 
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how it silh rls tlio ol IkhIv t'itluT siukiji^ 

<lo\vu into mik] tlifoiiLfh tli»‘ wjit<'i% or *’ lU»itii),Lr iu*:u’ 
its .>in‘r.‘iro, 'J'lu‘ iij)w;inl [H'i'sMuv iv]>i\'st'iitv<l \^y tlio 
op j)o:nt vt’iiir.tl nrro\N' A in 1 is nhvavs r(|U:il 
to tho wi'i.irlil of tho voluiJio or w.itor <{i.sp]MaMl Uy 
tho body, niul wliilo tht' l»ulk of tlu> ]>otly, :ts f f tj 4, 
roiimiJis coii'^lMOl, tlio pi'ossiuv upwards, rojjivsoiiU'd 
hy tlio iirj’ow /i*, will also he (.'Oiisiant, lor tliat prossuro 
is otjiial to tlie weight of tho voliiiiio of water dis- 
plneed, and tliat volume is tho same as i« regulated 
by tlie l)nlk of tho body which displaces it, 

Belation of the Weight of Floating Bodiei to tho Volxune of 

Water they diiplaoe.^The Burden or Tonnage of Shipi, 

Wo have just explained, by means of the illustra- 
tion in fig. J, that the weight of water displaced by a 
body lifja t ing in it must always l)e equal to the weight 
of tliat bo<ly, and that the pressure of tlie water acting 
upwards, us in tlio direction of the ari’ow 4, fig. 1, 
must bo e(|ujd to tho weigJit of the uater disiduced 
by tJic floating l>ody ; it follows also, as a iiinticr of 
course, that if tint body bo weighted — tliat is, bo made 
to carry a small load — an ainouut of watoi- will he dis- 
]»Jacod equal to the ainoiiiit of load extivi, or in addition 
In that whicli in its original coiidltion it disjdacod. 
7.hiis, suppose the vessel a h c <1^ fig. I, be tilled with 
water <]iiito up !(.> tla? levid of top « d. Now imiiierso 
gently the body 4, which suppose to be a block 
of wood siicli gj-avity that it floats as sliowni. As 
tJie bculy or block grts injmoi'sed and iloats, tho w'ator 
i*uris over tiic* edge, a d, of tho vessel O/ h c d, and is 
caugiit nj» and retained by th(‘ vessel eh in which it 
stands. We have shown iJiat tlu! weight of the water 
displaced lV<'m a L c d inid caugJit iij) in vi n is, 
allowing for waste water adiiering to tiu' sujhurcs of 
th(^ two v(‘ssc]s, prcia'scly Iho same as tlu? weight of 
till* body tf/ 1 / it. Afiei- u oigliiiig tla* Ixxly replace it 
in the water in (h h c 7, and it will float in the same 
position as btdore, witii tho watm- line at a </. Place 
some small wiaghfs on the top, c 4, of the lilock v.f (jhy 
and the water wdll flow o\(‘r the edge, displaced by 
tho great ei* wvjght, mi i lie c.iuglit up by tliu vessel 
m >/.. Presuming tliat tlu' wate)’ at first displaced by 
tlie simjile block c/// 4, and -wbich W’as taken out of 
the vessid n an<l woiglied, has been retained in the 
vessel in whicli it was weiglaal, and which is large 
enough to eon Lain more tluin this - w’eigh now' tho 
second jiortiori of water ('aught up in m w, and 
t hen pour it into the lai-go vessed. 7t w’ill bo found 
that the united weight of the two portiojis of dis- 
placed water will lie precisely equal to the block nf tjh 
with its load of small weights, if the two bo taken 
out and weighed. JTcrc; we liave a condition of 
matters in wdiich wo can on the one hand calculate 
the exact weiglit of the body e.fgk with its load, by 


weighing lla* waier wlurli it ilispla.v., ur f.,,, 
conveiiieiii ly tdl «»r caleidaie tlu* Wi i^dii (jf wjihr 
displai-ed l»y ii givmi lloating body if m* kunw tb,. 
wvight of tliat l»ody. TIa' ivlatinn oi the lucts wp 
have now >t.ite<l to tlu* iK-pa I’t uimt of iiu'cliaiilus 
known Jis ‘•spv'cilii' gravity," by wbiidi the ililbivi'.t 
\V(‘ights or densities of dillbi'iiig bodios or sul»stanc*'s 
are asi'crtained in relation to a c»‘rtain staiidaril, will 
he found in its proper place fully (‘Xjilained in the 
series of pai>ers in this Journal entitled “The 
TtH.‘hnical Student’s Introiluction to the Principles of 
Mochaiiies.'' What wx* have now to concern oursidves 
with is their relation to tho technical points connected 
witli floating bodies, us boats and ships. Our young 
readei'rt must have frequently come across tho ex- 
piussioii ship’s burden'’ (often spelt ^Mnirtlien "), t»r 
tonna go of sliijis, a term indicating that they can 
carry .■safoly goods or w<‘iglits of so many tons in 
amount. The relation of the illustintion just given 
to tin’s subject w’ill now appear obvious, For, as we 
now know every addition to the load of a floating 
body adds to the displmrment of w'atei*, and to the 
w'cight of flu’s, we Irivi* a means of asc<‘rtaining wliat 
a. given sliip will earry, for everything on “ boiu'd 
ofiher," to use the teeJinical jiaiitical phrase, as it 
posse.sses waa'ght, disjiliu'i's a d(‘tinite and (‘qiial wefgiit 
of water. And W'e have therefore only to (faJcuIafo 
(ho displat'cment due to her immeivsioji, or floating 
line, and express this in cubic fecJt, and multiply 
the number of feet by tlie weiglit of a caibic foot of 
water, to And tlie total diN])l.u'emenl; — whicli of course 
giv(?s the equivalent for tbo weiglit of the vi\ssel and 
its loud. It is a comparati\'eIy (‘asy tiling to (julculate 
the displacement of a floating body or vessid of regiilai* 
outline, such as that at c/g 4, tlu' h'ligtli an<l depth 
of which mv at/r/, and fi/ov h tj^ and tho breadth of 
which is known ; for obviously tlie \‘olumo of water 
displaced is just that ociaipied by this solid parallelo- 
pipedon or rectangular prism, t)\e cubic conti'iits or 
bulk of which it is a very (Mi,sy matter to compute. The 
ca.se j« dill’ereni- with a lioat or ship, the ‘Mines” of 
which, as ovi‘n the youngest of our roadors knov', 
vary very much, and give to the solid body a very 
complicated form to estimate the laibio conti'iits of. 
Nevertheless, although this is not practically done with 
dofliiite precision, iipproxinmtive calculations are madi^ 
w'ith siudi a near approach to the actual displacement 
that this approximation can be ridiod upon for all 
pi’acticiil puiposoH, Tho subject is lioni only opened 
up, or rather incidentally referred to, as a practical 
illustration of tlio facts we have stated as to tho 
displacement of water by floating bodies ; but we 
have yet in noli to give concerning it at a future and 
appropriate part of our series of pa].>crs. 
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THE STEAM ENGINE USEE. 

Tiiii Dli'MikiCNT or TIshd (;iiu:r].Y roit 

Mani i'’AC’n:mN<J and Afninin/nMiAL ruKi-osKrt. -'I hk 
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anj> Okkuattvij. Tm;nt I'uac'TK.'ak WonKiNo and 
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('liAVTHlt I. 

Introductory.— The Steam Engine univerially employed as a 
Prime Mover. 

Tuts is not the place, uoi* doo.'i; it enter into tlio 
flcheiuo of the j>rosent Keiiew of p»ij)er8, to give precise 
and more iengthy or exhaustive details a.s to the 
history of the steam engine. These find a more 
fitting place in the pages of special treatises, which 
can consisteritly give the space wlucli is necessitry to 
do fair justice to the importjint, at least mechani- 
ciilly interesting, points connected with the rise and 
progress of this great invention, which has quite 
revolutionis(Ml the conditions of the coninuinity, so far 
as the giving of a new poN^ci- competent to perform 
vast labours in fic^lds as wide as they are diverse in 
charactoi', and in loconiollon of land and sea, is con- 
cemed. Neither does itd’all within our proviuoc hero 
to T-idVr ill general terms to, or in special instances to 
quote from, the elegant and eloquent eulogies which 
have been given from time to time on the steam 
engine and what it lias done for man. As in the case 
of our national architect those wlio wish to sec his 
monuinent are invited to look around at the gimcral 
magnificeiu^c of Ht. Paul’s Cathedral, whicli owes its 
existence to liis daring gtaiius, so in tlie case of tJio 
steam engine we liave but to look around to see exam- 
ples «,)f its endless and varied forms, and (d‘ liie work 
it lias done for us existing oseiywhei*e and always. 
But extensis ely as it is used 'wheriw er ]>ower is to bo 
(U'eated for the doing of any definitt; work, it w-as for 
long coniined chi<‘lly to dfung tho w’ork of our factories 
and workshops, to iiropclling llio stoamhoat or to drag- 
ging the ruilw'ay train. But later years have wilness(ul 
its introduction into <]uict rural districts >vhich at 
one time n^emed to he quite free fi*om any chance of 
its invading their great fields. And taken np by the 
farmer, wo see that ho apyilies it in substitution for 
the animal power on which wo wei'o long dopondent; 
and by its aid not 'mci'cly thresljos out his corn or 
grain for market, cuts tht‘ hay and straw, slices Llie 
turnips, and cruslies tlie grain or the oilcako he 
I'equires for his live stock ; but goes out witli it into 
his fields, and with it ploughs liis land for crops, 
which before long he hopes to cut and reap by its 
means. 

New Views ai to the* Likelihood of the Steam Engine being 
speedily superaeded by other and better formi of Prime 
Movers. 

But universally as it used, and firm a hold as it has 
taken on tho minds of men as the best, most untiring 


and c'jonomicid motive power, it Ls worthy tjf s[>eciiil 
note here, as one of the signs of ince.ssa.nl mechanical 
activity which mark the times wo live in, tliat souks 
—and of the.sc a few liigh as engineering authorities 
'-have pronounced the Mt(;am engine to be wasteful 
in working, and in view of niore econoniiiral motors 
ha-ve in fac,t pronounced sentence of dealli U])un it — 
a sentence which they think is to bo so speedily 
exe(Miled, that bfffoi'O long tlio slo.im engine in its 
pitisont form will bo a thing of the past, and its 
place taken by a motor or by motors sinqde in con- 
struction, infinit-ely more easy in management, and 
vastly more economical in operation. If this view 
be correct, it would seem as it the purpose our papers 
are designed to secure would have but a limited 
period in which it could be of prootical service — tliat 
the space they take up would be better occupied by 
explaining the characteristics and liolding up the 
working of those motors wliich are designed to take 
tho place of the present steatn engine. But although 
this will bo done, inasmuch as it is necessary for the 
aim and objects of our Journal to <lo it, tJio retider 
may rest assured that, in spite of the stinguinu vatici- 
nations of some of our engineers, it is not the present 
generation, and if the signs bo reiul aright wln'ch 
are open to us, possibly not tho next, or even i he 
generation succeeding that, wlilch will see 1,1m steam 
engine so universally superseded as to make a paj)er 
of this kind no longer a necos^ily. 

The Likelihood, almost Certainty, that the Steam Engine will, 

for a long time to come, be the generally employed Prime 

Mover.— The Electric Engine as its Bival and Supplanter. 

In view, indeed, of tlu* charact^.'iistic features 
which w the sloam engine in its fU'cejited forms 
possesses, the singularly laqipy relation it ()C(‘,u))ii‘s as 
to our (toal supjdies- obtuiiiablt' at (jvery ha ml, and 
at vvond(‘rfully cheap rates the com])unii.ivo sim- 
plicity of its parts, the wise with wliich, oven ii 
ignorant hands, it can be worked and controlled, tlu 
truth would rathe)' scseni to he tliat the steam engine 
in place of being superhiulod wholly by oMk'i* kimls o' 
prime motors, as tlie gas engine, wJiicli at pre.si-iK 
seems to bo the rival of its futuie, wall I'cniain hr 

many ycai'S possibly many genera i inns in it s presmi ' 

position of tita prime mover for all our industria! 
processG.s. This does not [ircclude, but ratliiT pre- 
supposes tliat improvements in the engine — to say 
nothing at present of tlie hoiler- -will be ina<le, and u' 
a character calculated to make it more eflitdonl, ant 
certainly more oconomkial in its working, than it is now. 
This improvement indeed follows almost as a matt.or 
of business necessity. For tho faults which a,ro foam! 
with it, and the charges made against it by those 
who have taken up the position that it is alnjudy 
doomed to become speedily extinct, will act as tho 
most powerful inconti\'e.s to those who still believe 



274 THE ETtEUl i 

tliat it is the bi'st prime mover \\i‘ oaii, umlor all 
our natural ami loeal (.■iiviiiii^laiiees, pt)SM.‘ss, to «lo all 
in (licir power to make it ^till more ('Ilieient, ami thus 
to justify their opinion of it 4 

Assuredly there are hut ti'w si^iis, it indee<l there 
he a one, art>und us wliieh would indieaie in 

any marked ajid s]>e<'ial way that tlje steam engine is 
doomed to anything like a speeily extinetion, t»r oven 
that it u'ill l>e to any appreeiahU* extent superstuled 
hy some otlier form of prime mover, such as the gas 
engim*. This hy no means lessons the value of sneh 
piiijie movers as may he said to bo new elaimanls 
for tite patronage of those who retjuire nmlive power 
for one or other of the extensive range of purposes in 
whieli moeliaiiii'al work is to he done. In the jiroper 
])l!u e \ve shall not he slow* point out or aeknowJeilge 
I luMidvantages whieli sneh now prime movers as the 
gas engine possess; moanwldle, eorieerne<l as we are 
hero with the gr-eat m-irhine \vhieh at present far 
ontnumhers tliem, w’e arc simply taking what appears 
to he but a common'sense view of the position of 
aftkirs in regard to the relation wliich subsists betwet^n 
the steam ciigino as a prime mover, and the natural 
and local circumstances which make it so adminibly 
suited to take the best, the quickest, and, upon 
the whole, tlio most economical advantage of these. 
Jn tlio history of inochaTiiwil or physical science, it 
it is not difficult to find examph's of what may be 
called scares,” — to use a plinise so largely used now- 
adays as to make its meaning as applied liere \vell 
understood. Every now and then machines or pro- 
cc.sses whicli are well, and some of w'hieh hn vtj been for 
a long time established, are threatened with quick 
and coiiipleto extinction by some new imichine or 
proces.s, w'liicli is said to be so good as to preclude all 
hope that anytliing will o\er be found which can be 
bettoi*. In these sanguine view'.s which the supporteiv 
of tliose new tilings hold, they quite ignore the fact 
tiiat limy are cei'tain to possess the same character of 
imjiorfection which belongs to all the works of man ; 
ami wJiicJi imporfot?tion they so loudly call atontion 
to in the inacliincs or pixxjossos which ilieir new things 
are, as they say, so thoroughly competent to supersede. 
^^^e liave laid of late sciino ratlier striking exairqdos 
of this tendency, in the inventors and discoverers or 
promot(»rs of now machines and proeessi^s. Some 
short time ago we >vere told pretty confidently tliat 
the days of gas ligliting %vere numbered, and that gas 
works, witli all tlieir costly and complicated appaiutua 
and ap[)lianecs, would c(Mise to exist. The new process 
of electric lighting w’as to do all this and more, if some 
of its enthusiastic suppoH-ers were to be credited. 
Shareholders in gas companies who had overlooked all 
that the experient?o of liumanity had tauglit tliem 
rushed off' to sell their “ stock,” and in ma,ny cases 
to re-invest in those companies wliich sprang up, 


mushroom like, to prouude tht' iiU ro^luct ion of the 
new liglii, S.ich would have niiulc givalcr spcod had 
they taken moiv leisure t<» eoiisidor in w Imt diivdion 
they wiM'i‘ so I Mger to go. 'I'liose wlm took a more 
common st'Usi', and it may solely In* said a more 
sciontilie Niow of iho p<isition at the tiuu' and tin* 
possibilities of the fill tire of the old liglii and the now, 
coneluded lliiit liu* pri’hal)iliiies were iiot. very great, 
to SMV tlio mo^l . t liat the new- wouhl spei'dily tuid so 
completely sujii'lant the old, as to ni:ike the v:i.Nt 
works coimeoti'il with the old light ohsi leti> „nil 
useless. And a similar seare, so .still tn eall it, aroM* 
at the same time, and througli the same cause, in the 
matter of the steam engine, wliieh was very quiekly, 
ni‘eoriling to not a few, ami most completely, to he "put 
out of court “ a. s useless, hy the m‘werand more hidlliant 
power of electricity. The electric engine, aeeoril- 
ing to sueli autlioritii‘.s, was to be everywliere, the 
steam engine nowhere, It mattered little to some-- 
though with other and clejtrer minds the ^loint told 
with cllect— 'to have their attention drawn to the 
fact that, in view of all the wonders wliieh electricity 
w'as to [lerform in the way of giving a motive power 
toman, it was, to puttlie matter very mildly, some- 
what strange that before it could give us the ‘‘ electric 
light,” which also wjis to do such great things in the 
gas-lighting que.Htion, it was somehow compelled to 
borrow' tlie help of tlie much desjiisetl steam engine to 
work the djoiamos or apparfitiis hy which the electricity 
was so to say created — and w’hicli was yet, sonndiow, 
at the same time to supersede the necessity of liaviiig 
any steam engines at w’ork at nil. 7'ho point liere 
involved does not in the very slightest di'g'ret' tl(?tract 
fi'om the high value ])ossoss(‘(J hy the jiower of 
devcloiMxl electricity, nor from tlie ijmrvels whicli 
that pow'er has eM.*ri now’ citxited, Or<.*at as those 
have been jn the jia-t, w’ear'oof tliose wlio believe that 
they will bo eclipsed by the still greater marvels (if 
the futui'C, For it is difficult to set bounds to, or 
even to conceive the potentialities of, electricity as a 
Jiolp to man in tlni doing of his work or in iiiiiiistiu'- 
ing to the comforts and the cdegances of oxistemn!. 
But beyond any doubt or cavil, tJiose potentialities 
have yet to wait for theii- priuitiwil existence for soirio 
method quite diirei'Ciit from that at present used, whci'e 
w’e ai'e compelled to cnifiloy some other pow(jr to give 
us suppliiis of the “ wondrous tiling ” to which we give 
the name of electncity. It S(*otns, for aught we know, 
to exist everywher(5, to be pi-esent in all matter ; and 
the day may yet dawn wliicli will give to man the 
ability to get supplies of it as readily and easily avail- 
able for the pro<lu(!tion of motive power as are the 
supplies of coal and water, w’hich, used in and by 
appropriate appliam^os and machines, give us the 
motive power wo call tlie steam engine. Till then 
the steam engine has little to fear from elec'tricity 
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(if which uiv uJ>t:tifwd In the wsn — or in //Av* 
hishioii ill wliirh tlicy tiro fsrcurtMl ut ^irosciit : tJuit 
is, 1)y the i‘iiij)l<iytjic/ji (ff s(trnc olJir^r power, hs, for 
.‘xaiiiplis < III* strain eii^'lno, which iiolwithst!in<li!it( 
is, arrordiii^' U) sonic, to ))u siipploinoiitoil hy tho 
elect i-ic engine, 

The Subject of Last Paragraph oontinued.^Tho Future of 
the St<jam Engine.— The Gas Engine as its Eival and 
Supplanter, 

(Vi e as it stands is soiiitswlial dillerent when 
W(? take into consideration the gjis engine as a rival 
to tlie steam etigine. Wo are ilispost^d to go far wit)), 
nearly as far as, thos(' wlio helievo liiat the gas 
engine is to be tlio prinie mover of the fnt nrt;. So 
one, indeed, wlio has laid even but a comparatively 
slight atMpnuntanco with wliat has been done of late, 
we might say recent, years, in tlic science of thernio- 
dyniunics — or, to give it a more popular name, heat 
power or motions— can hesitate in believing that we 
are on the threshold of some decided changes in the 
way we avail ourselves of the he^it stored up in our 
coal supplies. That -we have in post times tbrowm,and 
for the matter of that are throwing away daily, a huge 
pi-oportion of the heat which coni can give us, is 
beyond any doubt. And those who know wliat the 
comparatively modern invention known as the gas 
producer’' (sec the soi-ios of papers in the , Journal 
which will yot bo published under tho title of “The 
Furnace lluild(.a* ") has done in the hands of such 
gifted moil jis tlie late Sir Charles Siemens, and a host 
of abh< worktu's who followed in his steps, in the way 
of using coal (X'ouomiojilly, so as to gt‘t out of it the 
largest percentage of heat it is capable of bestowing, 
must have had tho conviction forced upon them that 
we shall in the future make a more sensible, because 
a more scientific use of the stores of coal which a 
beneficent God has given us naturally in such large 
abundance. And tlioso who may think so little of 
the folly and the sin of “ waste ” as to be careless 
in Uie matter of adopting any improved and more 
soientilic way of using coal simply because it avoids 
tfhis waste, may take quite another view of the inattov 
wlien tliey find out that such methods not only avoid 
waste — to them at the best but a lU'gativo advantage 
— ‘but will give them the positive beiK'fit of getting 
their work Ijolter and more cheaply don(5 under tho 
new mode than under the old, Wliat inflammablo 
gas€5s cun (.iu in tlio way of saving the consumption 
of vast (piautities of coal is witnesseil with striking 
effect in our ii*on districts. There in many instances 
tho steam is niiscid, or hot blasts obtained, without tlie 
consumption of a single pound of coal ; and this, bo 
it noted, by the use of those very gases which were 
truly called “ wiuite,” and which years ago were passed 
uselessly into the air from our iron blast furnaces. 
Wo go far, therefore, witli those wlio see a wdde 


fntniv for tho engine, und Ons WOtO UHcI 
C'.xl ending as the knowledge thd ^ 

cousuuiing eotii hcoomoH cliOUsed ftmongsC thoso \^ho 
ar(i liirg<‘ n.'-ors of motive pDMVVS. Blit H'e (h UOt 
go wj fill* as some, wlio ]»cisist in stating ihtit tho 
j'teain engine is doomed, and that it will bo wholly, 
and as sume say also ijuickly, .siqqdoiiuMited hy the 
gas engine. And in saying this we by no moans 
ignore the scientifi<.^ and mechanical industrial vjiliio 
of the gas eiigino, " we are r(vidv to join in its praists 
to the utmost point, — but it is because we. judge that 
th(? evidences a.rouud us in favour of its ((uickly ajid 
wholly suppliuiliug tho steam engim^ are not suHi- 
ci(‘ntly a.buiidinit to justify the ludii'l' that tins will 
bo so. 

Some Fraotioal BubIiicbb ConsiderationB oonnected with the 
Foregoing, as to the Future of the Steam Eugiue. 

If we look at tbe point simjdy from an evtu-yday, 
ordinary, or what may be called tlie comiiioii-sense 
point of view', we shall see quite enough to convince 
uft that to supplant such a long used and so hi’iidy 
an established machine as the steam engine is not 
quite the easy thing it is said by some to be. Tlie 
mere conservatism of human nature is strongly 
against this conclusion. Just as it is difiicult to get 
men, accustomed for long to go in one groove or line 
of action, to move into another j\ml quite a new one, 
when old and thoroughly established hahits arc to ho 
overcome, and possibly (uay, very probably) a host of 
prejudices to bo removed, — so is difiicult to getmiai 

to move as a body in gei4/iug i-id of any particular 
kind of meclmnical ludp which has for long assuredly 
siM'ved them in good stead iu the doing of a wide 
vari(‘ty of work, and to take up a new kind, how’cvcr 
promising it may be. Nor will the fact that the old 
mcidiaiiicul aid may he proved, hoyoiid even the 
possibility of doubt or (?avil, to l )0 w’astoful, and 
tlieref(.>re unnecessarily costly in w'orki ug, and the newv 
one just as cou(■lusi^'r‘ly jiroved to be as economiciil, 
prove so pinverl'ul an incentive for parties wddely to 
make tho (wcdiango, as some hold it is, on tht^ grouTid 
that self -interest, the claims of tlie purse, whudi are 
said always to bi^ clamorous, wall ho so pow'erfnl that 
tho exchange W’ill be quickly and univiasally made. 
Tlie fact, as we find it (‘xisling amongst ns in the 
everyday walks of life, is miudi iiioro the other way, 
and proves that self-interest, strong as it is with some, 
is much exceeded in strength with mori*, hy ]»ure 
prejudice, or the constraining force of long-coTjtiiiiu‘d 
habit. And that this is so cun be easily proved 
any day, tiverywheri*, and always, in every class of 
technu^al w’orkers. If it were not so, inventors of 
new inecbanicJil arrangements, discfovorers of new 
processes, would, in place of having to wait wearily 
and long, as they generally have ever had, and still 
have to do, to get tlioir new things introduced and 
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wiilflv supiiliuil the old, tlioy would In- iiiiirkly ovoi- 
wl.olnwU with ord.'ivs to ho-iii iuid ooinplolo itt o.ioo 
tho tnuislorotioe or tnnisioriimtioii. ^^■e oould I'lto 
uliiioMt oudloss in niimhi'r in fiuniort of this; 
bill, sullice it to tako horo one iiistauoc, and thiil. a 
ircont 1)110. Tlio I’osojii'clios uiul tlio I’osults ol patii'iit 
priiotioiil uorkiii;; of ^uvh Jiieii iiit Siomons luivo 
I>vovea iK'VDiia any doubt that l>y tho adoption of 
now and soundly soiontitio inothods of oileotin^" fuol 
or coal oonibu.stioii, a wwin^^ as ooiiipavod with the 
ivsuJts of tlio old inothods would be oflbcted, whioh, 
takin^j into oonsidoratioii tin' almost universal direc- 
tions ill which tho new mothods could be used in 
connection \Nith all our industrial processes where 
fuel combustion is a necessity, would be so enoriiions 
that we may write or name the amount in figures 
and vet have no mental conception of its value. The 
difficulty is, not to prove the value of tho new 
metliod, but to get men practically to believe it. All, 
or nearly all, ai-e quite ready to give an intellectual 
assent to it j few attempt to confute its theory, or 
dare to deny the facts of its practice. But this 
merely mental assent to or agreement with the now 
theory goes no further with the majority; and if 
self-interest alone had had to decide the point, by 
this time, after all that has been done to prove the 
high value of the now systems of fuel combus- 
tion, the old methods ouglii to have been nearly, 
or altogether, obsolete. But nothing of the kind 
has hjippened, and tlio adaptations of the new 
aro but as units while iha old methods can be 
reckoned by thousands ; and there is not much 
evidence to be had to prove that it will be 
otliei'wise for a long time to come. Xor, after all, 
need this be matter of groat surprise, wlicn we con- 
sider that there aro purely business points mixed up 
wdtli all CjiiGstions ooncerning tho adoption of new 
for the suj)planting of old machines or of long 
established pj'Oce,s.ses. "I’lio old machino.s and appliances 
are tJiere ; they have been erected and put down at 
groatei' or less cost ; tlioy have hcon paid for ; thoy 
have, beyond all dispute, don o good work— have given 
their users f/iii-, if not in many cases very Jian<lsome 
profits; and before they can be supjdanted by 
otlna* and newer tilings, tht^y have to bo taken down 
if the space thoy occupy is ^•a.l liable, or loft standing 
if it can be spared ; but in any case rendered useless. 
AtkI to one who, for example, has a mill or a floor 
full of machinos whiidi have cost liim much hard 
cash, it requires very long and careful cogitation on 
his part, and will at' tho best cause him a pang more 
or less painful, to see them t/akon out, carted of!', and 
sold as old iron— as many a mill full of macliiriery 
has been sold— and their place taken by new machines, 
which have in turn to be paid for. And some 
appliances, sucli as those connected with the iron 
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maiiufact ui'o (soo the paper eiititlrd Iron 

Worker” in this Journal), are so v.ry costly that 
tlu'ir owni'i's art* sr.ivrely to lut blaiin’d lor tliiukiiig 
twice befoi't* tlioy supplant them with newer forms, 
how’over more i*com»iiiit*al in working anti el]'t*ctiv’e 
they inav be pro\etl Itevoiul all tltnihi to In*. Tht‘ 
marvel rather would to hi* that, si*t‘ing tin- 

eiioriimus cost and trouhh* invoKetl in gt*ttiiig vid of 
old machines ami j»roct*s.M*s to iiiaki* way for n(‘\\ 
ones, so many t»f our tecluiieal manufacturers do go 
through the ci'stly process with siieli apparent in- 
diircronce, '.rhat tliey do even in these comjiaratively 
few cases, speaks volumes for the ent(*rprise of tliose 
conucctcil witli our trades and manufactures. But the 
fact that those cases arc exc(*ptioiml provits almndantly 
the truth of our ptisition, and affords a powerful argu- 
ment in favour of the view’ held by tho grt^at majority 
that it w’ill be long l>efore the steam engine is sup- 
planted by other forms of prime movers which 
are said, or e>‘cn proved beyond a doubt, to be better 
and more economical than it. And we have pur- 
posely put before our youthful technical readers the 
foregoing considerations, inasmuch aa it is important 
tliat in early life they should form the habit of 
looking at a subject from more than one point of 
view, how’ever lirilliant and fascinating that point 
may be— looking at it, in fact, as the saying is, all 
round, Nor, moreover, are the considoi’ations we 
have given likely to he useless to our youtliful re.iders 
when they got on in years and foiward in position. 
They are reusoimhlv looking forward now to the time 
w’hen they wdll be musters then ; and if they reach 
this point, then it will be found that they have a very 
close bearing indeed on the way in vvliich their *’ busi- 
ness” is conducted and their success in life secured. 

Importance of a Knowledge of the Stoam Engine, ite Frin- 
olplei and Details, to the Steam Engine User and Driver, 

Lot us tlien take it for gnintod that the steam engine 
will be for a long time the almost uriivci-sfilly employed 
prime or first mover, wJiore to do mcclianicul 

woi'k is requii'ed. On leaving the field of C(>ntroversy 
which tills assumption may o{>cn uji, to some, and 
adverting only to tlie fact, which no oiio can venture 
to dispute, that at all events the sfcojim engine is now' 
or at present the almost universally employed ]>i'imc 
mover, it is scarcely necessary to take uj) much, if 
indeed any, space in proving the advantages which will 
How to tluj user of a steam engine or to its driver, 
by having a knowledge of its principles and its 
details, and how these can be made most I'lroctive in 
the doing of tlie work denmiidcd of it. This is so 
obvious that ull that it seems necessaiy to give in sup- 
port of it, is the old saying, that tlio more you know 
of a tiling the better you can use it. Lot us look for 
a brief space, say at the case of the users and drivers 
of the class of steam engines known as portable, 
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fjii])I<>vr(l now fill ovcj' tljo \voi‘l(l iii a woudtn'fiillv 
wjMo r/iii^v (>r indiHlriiil work, Tt is a ooij]plai?»1; - 
Wi i-(‘^ 0 '(d io>My l»ii/ <,oo wr-Il lonijflcd nf)on rxprnejifcf^ 
-^soiiU'wli.ft fivrjUfiit ly foi-iiiiiliitrd ky (‘iiplioors and 
ijiJU'liiijist'H, HiJit ill ir on^diirs ujhI niacliiTios }inv(t Jiot 
I’nij* ]>Iii V. ' !«s 1 111 ' p)ini.s(‘ ^'oos. l*ut in imoihcr Imt 
jiinr<‘ pfriplirastir foi’in, lliis means tliut tluj taipnes 
anil maeliines limy tui'iiisli 1o tlioir (Mistomors ani not 
always -iinleiMljassome have a ^JM•<‘ial tocoiajilaiuj 

nol (d’I.en -eitliei* kepi eareriilly in good w oi*king ordc‘r> 
as when left with tlieni, or so maintained by earofvil 
wiu’klng and jndirioiis management. No donlit it may 
he said, aTid inilvenongh, that tiie objeetioiis made to, 
and faults found with, both Urn arrangomenl and the 
!styh' of working of tludr maeliines and engines liave 
their origin not with the (’iirelessness of their customers 
jiersonally, hut the men theyejiiploy to take charge 

of them. But though tliis is perhaps true as a rule, 
still it may without any breach of justice be said that 
customers or masters are in many cases the true cause 
of the difficulties here alluded to fliising; for they 
hav^e at least the ix)wer to insist upon tlioso in their 
employ working the engines and innehines caiefully 
and using them judiciously — and if they do not 
exercise this, it not easy to say that they are hlamo- 
less in tl»e matter. No doubt it may bo said that they 
are not thoinselvos acquainted with what is careful 
usage or judleious woi*kiiig j that tliey are not, in brief, 
engineers or macliinists, that they shoedd be exjwted 
to know these things, This is specially true of the 
i-lass wlio use agricult uml portalde engines as part of 
the niaediinery of their daily farm work. Still even 
those who can plead meelianicul ignorance cannot 
plead that they do not know liow to treat pi'operty 
with care. And it not seldom is seen that on the 
farm there is a positiv<‘ly w’tiiilon iiidiirereiK'e to the 
(‘ondition in whicli valuable machinery is kept and 
the way in wliich it is treated, 'i’lie writer of these 
linos has had occasion in business to have much to do 
wdlli machinery emjdoyed out of doors, ami in the 
out-of-the-way places in which portable engines are 
worked j and he has freipicaitly been ri'ally concerned 
to note the waste which goes on in coimoction with 
this— a waste which couhl bo easily avoided, and that 
Without requiring any mechanical knowhalge, only the 
exercise of that common-siaisc care which surely no 
one can deny the ability to possess. It takes, for 
example, no metdianical knowledge to be aware of the 
ellect of moisture upon ii'on and sitad w'ork, or of 
exposure to atmospheric influences ; no great know- 
ledge to be aware of the effects of accumiilai,ed dirt; 
and althongli perhaps a little more, still not much, 
mechanical knowdedge to know' Lhatpaid.sof the engine 
woi’king loose, joints of steam pipes, etc?., etc., leaking, 
are just so many eviclentres of waste of power, "i.'et, 
in tliesi^ and in other ways, many a portable stcfam 


engine wJiicii was origin/iJlv tiirmxJ out a ^ooilinsichina 
of its class by tint maker, is allowed but too nqmlly 
to grt out of oril(!r, for which the Jiiaker is jiot seldom 
blamed. Tliei'c are of course ntliei* ]>oints connected 
witli sUjam engine manag<‘iiiont which demand a 
higiicr class of mechanical knosvll■M]g(^ and of ihofie 
tlie present j)a[)er will in due coiirs:^ inform the reader. 
This Ijiings us to tlie 

General Flan of the Frosont Berios of Papers. 

Alihougli w'C have but just named the class of 
steam engines known as “porlablo,” which, wliile it 
embi*act‘s iiigh-class wojk lioth in design ami detail, 
may he taken as a whole as giving our simplest forms 
of engines, still our roarlers must Jiot suppose that our 
remarks arc meant l.o apply solely to this eliivs, or to 
engines of cori'e.’.jKmding si/.e which are designed to 
give out power only to a limit ed extent, as in the 
case of small works or factories, or where but a single, 
and comparatively a simple, train of machines is to 
be worked. We hope to be able to present the 
readers of our papers with much that will be prac- 
tically valuable in cases whore the stenm -engine 
powder is crimparatively and also positively large, 
There ai'e more ways tlian one of treating our subject. 
Wo might, for example, begin by giving a general 
view of the steam engine, and exjdain briefly tlie 
princi|,)le.s of it.s action. Thereafter we might go into 
a description of its details, and at that sl/age give 
remarks upon modes of fitting the parts up, and of 
putting them and keeping them in good working 
order and repair, and tlie details of its general niMiiage- 
ment. And linally W’e miglit exjilain I, ho motliods by 
which the condition of tlie engine was ascertained, 
and whether ii. was giving out its most elleci ice iiower, 
and if not, what wore its defects— in oilier words, tlie 
cause of loss of pow’er, wliieh meajis jiractif'ally waste 
Oi fuel. After, how'ever, taking into considi'ration 
the cireumstanees conneclt.'d with tlie varied class of 
roader.s, and looking at tlio larger amount of pi’aetieal 
interest wliich is likely at first to be created in the 
suliject, we have determined to reversi* the order of 
the arrangement just luuued. This brings ns at omn'i 
to deal with the Jast-naiiu'd jioiiil; ami in conni'ction 
with it we liavo to draw attention to the vnliie of tho 
** indicator” to users of sleaiin-eiigine power. 

The Indicator an Instrument EBsential in aioertainlng the 
True Ohararter, defective or otherwise, of the Work 
done, and the Effective Power given out hy a Steam 
Engine. 

Although now used to a v(;ry much greater extent 
than formerly, still its lanploymeiit is by no means 
so general as it ought to he, even amongst tliose who 
know its value; wdiile .lot a few are to he mot with 
who know hut little concerning it, and that, littk; not 
ahvays accurate. 
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(ITAITKU IV. 

The Theoriee of Mechanics generally accepted by Scientific 
Men, BO accepted beeause they fit well in with and afford 
a Conyenient or Beatonable Method of studying Natural 
Phenomena and applying those to Practical Work. 

And this is so, not thf\t the rucn of science know, 
or even profess to know, aU about the pheiiomenu, or 
pretend to say tliat their definitions of certain terms 
are absolutely correct : they merely accept tliem — and 
we can affirm that they constitute the great majority 
— for the reason stated in pre<^e<ling pamgraph. And 
they are in the fullest sense justified in so accepting 
them, inasmuch as they can assert wdth no small degree 
of pardonable pride that all tlie gigantic and varied 
works of our modern engineers and mechanics have 
been worked out upon the lines or in connection 
with sucJi devices. In what wo deem it neccssiuy 
to gi\’e, tlierefore, on the theory of moehanics, wc 
purpose to go upon the lines and to follow tipon the 
principles about which the great Tnu jority of scientific 
and practical men are fully agreed : i)riMciples which 
make up a tlieory of mechanics which fits in, on the 
whole, so adun]‘ably, and it may he said so logically 
or reasoiiahly, with tlie facts of daily exi>erience, that 
by its liel|) men have been enabled to bring into 
exislcnee all the wide range of mocbaiiical liclps in 
the doing of man’s works which wo see around ns. 
And what has enabled mechanics and ougineers as a 
body to do sO ninch pj*actical work may well decide 
the youthful render who piuposos to follow <hiring his 
after life in theii* steps to conehide that the theory 
whitdi has suited tJiom may uell suit him, — hotter 
than one oj' other of the theories wliicdi make <le- 
mrinds nj)on Jiis belief wliich ho instinctively feels that 
if it is Jiot imjjossible, yt^t it is very difficult, for him 
to believe. And then this other, and tlio v ery eommon- 
senee consideration, is sure to come up in tlie mind of, 
or at least should not be lost sight of by the student — 
namely, seeing t hat there aro so many theories, or so 
many explanations or hypotheses, and all of tlicm 
difficult, which of theiri is he io believe ami accept as 
his theory ? It may be that one is correct, but wliicli 
is the one is a question which, seeing that it is im- 
possible to answer satisfnctoi'ily, may well decide tli© 
fttudoTit to rest satisfied with the principles upon 
which all that mechanics have hitherto done, and aro 
in fact daily doing, deponds. For the present at least 
we counsel the youthful student not to venture a 
voyage, BO to say, upon the sea of scientific theoiies, 
conjectures, or mere guesses— the ■w'aiers of which are 
not always calm, but somewhat frequently disturbed 
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by winds and waves of tliMn»s>i(uis which in tlu'ii- 
warmth arc not always consist imt willi tin* spiilt in 
which sciciititic disciissioms should be earritMl on. 

The Terms used in comioction with the Explanations or De- 
scription of the Laws on which Natural Pheuomeua depend 

the Basis of what is called the Science of Mechanics, 

Jn giving w hat we deem it nocnssjiiy for tlie yoiitli- 
fill student in nieehanics to know upon tin* ‘‘old 
lines” we have iiidieated, we shall endeavour, in giving 
the terms necessary to lair remarks, to oxplain clearly 
what those terms are— that is, what they mean. This 
is neecssary, for we do not write for those wlio know 
and could easily explain what they know better than 
we do : wo write for those who do not know the subject. 
The very fact tliat they wish to know what we write 
in order to learn is pi‘oof that it is our duty to teach. 
Now, a teacher should never assume that his pupils 
know wliat lie knows or ought to know. In explaining 
terms, tlien, we purpose in all eases to give their roots 
—that is, to show what words they are derived from. 
As a rule, all our scientific terms are denved from the 
Cl reek or the Latin, or what wcj call the classica 
languages ; sometimes from the French directly, some- 
times, though but rarely, from the German ; and the 
French words are themselves in many instances derivoi, 
from the Uitin. And tiiis purpose of giving derivation.^ 
of terms wo have din-idod upon, having a profounc 
belief, derived from a faii’ly wide experience of wha+ 
both working men and .*^tudents are, tliat tliose 
derivations, at least in many in.stances, throw a < dear 
and full light even upon the principles of which the 
tei'ms Jiave been adojited for a name ; and in al 
other (ases they liclj) at all events to make Iho 
student belter acfjuainted vviiJi tlio siilijoet, and with 
the “real valneof w oids,'’ than wil hout t Jieir derivations 
he would l>e. On this point we do not require io say 
more, inasiniicJi as the sulijcct i.s gone into with that 
fulness whicJi its iiiipoi-tance asMiiedly deserves in tJie 
Preliminary Diwsi j’lation to tJie “ Dictionary of Tecli- 
nicaJ and Trade 'Pci’ms," which the editoT' has, in wdiat 
the writer of those linijs feels to bo thoroughly in the 
interests of ti'clinical education, deteiniined to form 
an important part of tliis Journal, Only this requires 
to be remarked here ; that it may be by some thought 
that in defining iho “terms” of tho science of 
mechanics in this present paper wo shall bo simply 
repeating what may be found in the appropriate 
section of tho “Dictionary.” To whicli it is only 
necessary to rc]»ly that what we give here will be 
sufficiently full, and no moie, for our special purposes; 
tho more complete and full definition being found in 
the “ Dictionary.” Further, sliould ihei-e he- as in a 
limited sonso it may he truly said that thei'e is — some- 
what of a repetition, we think that repetition directly 
useful in this jjaper, inasmuch as the reader will find 
what we give as to the meaning of terms most con- 
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ili roliitioii to tho niattoi’ boirig dis- 
lie is nr>t culled upon to interrupt the 
continuity nl' his reiidini^ hy turning to tho “l)ic- 
tionjirv to know whiit the nioanin^s of tho terms are. 
This cousidt'caliou wouhl alone justify a repetiUon of 
detiuilions, even had that lioen j;ivon as fully as we 
hiivi‘ shown that it is ru^t. For that fulness voference 
must he nuide to ilio Dictionary.” 

Certain Terms oontinually recurring in all Diequiiitioni on 
Mechanics ** or Deioriptioni of Mechanical Work. 

In the foi’ogoing paragraphs in this and in the 
preceding chapters, while glancing at certain points 
connected with the subject of mechanism, and that in 
the most geneml of ways, as purely introductory to 
the specific disquisitions now about to be commenced, 
it was impossible to proceed without using certain 
terns ; and of those the reader would not fail to observe 
that two came up for frequent usage, those being 
Motion and Force. Wo have said that we purposed 
founding our remarks upon the principles or laws upon 
which all mechanical work is based in what we have 
called the natiiiul sequence of subjects, or what appears 
to us to be so. Now, we cannol. ccix:^eive of any 
arrangement of mcclianical parts, however simple or 
complit!atod those may bo, doing what we call “work*' 
without movement of some of these parts, or taking it 
as a whole, without ilit? nmehinu being in motion. On 
the other hand, it is just as difiicult to conceive how 
this motion can exist unless ii. be produced by some 
cause or another. To that- cause which produces the 
efhict of the motion which alwa}‘s accompanies or in 
fiujt does the work, the namoybree has been given. To 
the consideration of these two terms, then, we now 
direct the attention of tho roa<ler — taking that of force 
first, in accordance with the natural se<iuence of the 
aiibject, it being the {:niiso which produces the edect, 
that is of motion. 

“ Force,'* one of the Terms bo frequently uied in Meohanioal 
DiBquiBltloni, and referred to in Preoedlng Paragraph.— 
Point! oonnectod with the Term. 

The definition of force has given rise to discussions 
which have for long time occupied the attention of 
scientific men, and will appai'ently, from all wo sec, 
continue to do so for long time to come. And judging 
from the variety of opinions held concerning it, and of 
the like or a gi-caUu- number of definitions i*osulting 
from those, it seems to be one of those things which 
no fellow can understand. Nor is this discussion less 
marked than are other subjects of scientific discussion, 
if not with the warmth of personality whicdi begets 
expressions which surely in cooler moments must be 
regretted, at least certainly with a dogmatism which 
might well be spared. In connection with which dis- 
cussion, it appears to us that the paradoxical yet 
suggestive phrase, ** More would be said if less were 
said,'’ might well and reasonably be applied. And 
VOL. I* 
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certairdy it is unfortunate, for at h^ast thr stiulciit 
of the priiHiiples of mechanics who is about to begin 
his work of praot'utal study, to nu'tst at tluj very 
Uirtfshold of his career of thought sueii a diversity of 
opinion as to what that is to which common sense tells 
him he owes the working existence of the machines he 
makes, and whitdi he knows is exiunplitied in every 
bodily exeriion he makes or in every physical work 
to which he s(}ts his htnuh No matter from wdiat 
source he derives it, and no matter whetlicr Im calls 
it a force or power or energy, (this last-named term 
is hoj*® given with a reservation as to its restricted 
character which will be fully explinuial further on,) 
he knows that beyond all doubt, without this 
something called force” he could not even make 
them. Force or power or energy he knows to be 
present, and to be tho cause of the work done, in 
cver}’^ stroke of his hammer, in every chip which his 
chisel makes, in every turn of a screw or a nut ; that 
he cannot even grasp his tool in hand, or make some 
mechanical contrivance liold his work for liim, without 
this something.” And unfortunate as we deem it to 
be that the i-eader should be met at tlie very outset of 
his stiuly with discussions all too warmly and keenly 
mairrtained holding, as we do, that the result is, at 
kuist at this stage of his cai'cer, most puzzling, ami 
what is worse, disheartcrririg — we do not di‘cm it 
nocos.sary to go into the subject-matter of thow? dis- 
cussions. We believe, ou the contrary, that wo shall 
best consult the interests of our readers, as we believe 
also that we shall thus meet with their approval, if 
we coniine ourselves almost with idgid closeness to the 
pratrtical matters about which there is no dispute, and 
which, if many of them have not met with ]U’ucise 
definitions in wliict all men are agreed, have at 
least — and this is for our rc^ader mu(;h moj-c to the 
point — ro(H‘ivcd all tlio advantiigos of a long applied 
and carefully thought-out experience : an experience 
whieli, as wo have already pointed out, has given us 
all the triumphs of modern mechanical work. And 
theories which have led to this may well, as we have 
already said, he otniepted by the nMuler bcgitining his 
study of tho principles of mechanics. 

At the saTue time, as wo cannot, come to a right 
understanding of what the primaples of dyniiinics or 
the laws of motion are, and of the i)<)ints to which wo 
have in preceding paragraphs more or less directly 
alluded, without going somowhat fully into this point 
of ** force,” wo purpose doing so, but novortheless, for 
the I'easons above given, as briefly as may be. 

Some Fraotioal ConiideratlonB oonnaoted with the 
DeflaitlonB of the Term Force,” 

The term is derived from the Latin word /orSj 
which signifies ** strength,” and is defined in du!- 
tionary or general language to be active-power ” or 
energy or strength. A more precise definition is 
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by one Hcjientitic? authority ; force is that which 
tends to cause or to destroy jnotion/ .Ihit this iipplios 
nioi*e to the ellcct than to the ciiuse, and gives no clue 
to the answer to the qu(‘stion AVhat in this “some- 
thing'' wliit'h is onlltHi force, winch causes or destroys 
motion ? And it is here iliat the wide and singular 
diversity of opinion or conception, leading to as wide 
and singular opposition in definition, arises. Into the 
metaphysics of this discussion — for much of it appears 
to be this, or what is very generally if somewhat 
irreverently called “ chopping of logic” — and for reasons 
already stated, we do not intend to enter. We frankly 
confess, however, •that so far as the student is con- 
cerned, whose work is now, or is in the future, to be 
connected with mechanism, he had better defer his 
study of this discussion, and all its involved and 
intricate poitits, till he has retudied an advanced point 
not merely in the study of what might be <«illod the 
“ received opinions ” of men of science, about which 
there is little dispute, but in the actual practice of the 
worksl)np, about which thei*o is less. And we conceive 
it to be tjiiite a possible thing that, having reached 
this “further point” in his life of study and practice, 
ho will feel, in fact, that so little is to be gained by 
going into the tJia/.es of those discussions on what at 
the best tu'e and must be conjectures chiefly, that he 
will, so far from doing t))ls thoroughly, be quite content 
with mei'cly glancing at wliat is advanced by the panics 
who have taken or may yet take part in it, And in 
support of the ud vice wc here give, it may be stated 
that tfie discussion is so confusing in its geneml 
results, so (!onflictirjg and contradictory in its state- 
ments, somotimes so wild or far-fetclicd in its hypo- 
theses or suppositions, that, to (piote the woi'ds of one of 
our ablest piwjtical aiiihoi'itics on mechanicii-i jjractice 
— not less able as a sca'eutist —“a humble student of 
mechanics anxious to leai'ii w’hat *the men of light 
and leading ’ in his geneivition have to toll him about 
the ultimate principles of his science stands by pei> 
plexed, embarrassed perhaps, at lofist a little indig- 
nant.” But should any one of our readers after all 
mix himself up with these all too metapliysical disqui- 
sitions, it is quite possible, nay, exceedingly probable 
that, whether he rniiy feel indignant with some of 
those assuming to instruct him or not, he will be 
ultimately indignant with himself for giving so much 
time to so little purpose. It will be well, indeed, if 
he escape incurring a more serious loss by giving up 
the study altogether, not “indignant” merely, but 
fairly disgusted, with the utterly irreconcilable nature 
of many of the conjectures made and theories pro- 
pounded. How this may probably be the cose, and 
how serious ore the points involved in the advice 
we have ventured to give to the youthful reader in 
this matter, may be gathered from a further quo- 


tation from the paper by the able authority last 
quoted, in wliieh, referring to one oi’ the thoorios 
of force, or to an attempted answer t^o the ques- 
tion What is it? ho gives those pi*egmiut w'ords: 
“The manifold confusions, the ahiiosi inextricable 
jumble in which the ordinary terms and conco[>tionH 
of mechanics arc involved by the adhesion to this 
wrong detiuition of force.” We believe, therefore, 
we are giving advice which involves points of the 
utmost practical importanoe to the actual career of 
the young mechanic, to defer at least his study of 
this discussion hei'e referred to, and with the able 
authority last quoted to be content with that view or 
definition of force which controlled the great men of 
the science— Newton, Moseley, Whewell, Bankine— or 
on which, to use the words of our authority, “they 
and their compeers have roared the magnificent fabric 
which goes by the name of mechanical science.” It 
will, therefoi*e, answer all the purposes we have in 
view, if we give here those accepted definitions of the 
term “ force.” 

The Defl&itioiie of the Term Force which are reoeived by th« 

Great Majority of Soieatiflo Men and Practical Meohani. 

eiani and Engineer!. 

“ For(;o,” as define<l by the groat Newton, “ is an 
action exercised on a l,)ody tending to change its state 
either of rest or of uniform motion in one dii’ectioii.” 
Moseley deli nos it thus ; “Force is tJiat which tends 
to cause or destroy motion, or whi<*li actually causes or 
destroys it.” Whewell cleflmjs it thus ; “ Fon/e is said 
to be whatever i)rodu(tos, (h^stroys, or changes motion ” ; 
and last, but not least, Ma(*(|horn Kankine, the most 
omiricnt, practical, jind sciciiiiflc of recently living 
mechanical authorities, defines “fonjc” to be “an 
tmtion between two bodies, either cjiusing or tending 
to cause change in their rtdative rest or motion.” 
We could here give other definitions of men who 
have held high positions as expositors of the ordinary 
terms and conceptions of motdianics, all of which, in 
common with those we have above quoted, define force 
as “ that” which causes the change. They do not, it 
will be carefully noted, concern themselves in the 
slightest degree with considerations as to what that 
“that,” the “something” to which the name of force 
is given, really is. They know, and it will be well if 
the youthful reader also is content to know, that it is 
the mcmi/eiftatioruif so to say, of this “something” 
with which they are in practice alone concerned. The 
practical mechanic, no less than the man of science, 
knows that when there is work to do and he has a 
force to do it with, he need not concern himself with, 
abstruse speculations as to what that force is. It is, 
as we have just stated, the “manifestations ” of that 
“ something ” called “ force ” with which he has alone 
to do. 
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the workxan as a techkicai stubeht. 

How TO Study, and What to Study. 

CriAPTEK TIL 

TiiK paragraph of precoiling chapter was devoted 
to the iuiportance of thoroughness in the doing of 
any work, or in following up any [n’t so called. And 
we there pointed out how the word art was itself 
directly derived from ar, to plough, and proposed 
to show how it was that art could be likened to 
ploughing. (The reader interested directly in this 
subject will find the details of the plough itself, 
and of the cultural work it does, fully explained by 
a writer who all his working life has had to do 
with rural work, in the series of chapters entitled 
The Parmer as a Technical Workman ” ; while the 
mechanical details of this important implement, and 
also of other implements, will be found in the series of 
papers entitled “ The Agncultui’al Iinplomcnt Maker 
and Country Blacksmith.”) Now, plougliing is of a 
twofold chanicter : first the plough digs or “burrows” 
into the soil, running below iho surface at a certain 
depth, sepainiting both verti(;ally and horizontally a 
slice of soil from the general bulk of what is called the 
earth or land. And after soprirating this slice and 
approprijiting it, so to wiy, to itself ns an object in 
whhdi it is closely concci-nod, it lifts it up and turns 
it over so completely, that wJiat was originally tlie 
buried or under becomes the exposed or upper surface. 
Ajid when the plough has done tins, its appointed and 
predetermined work, it leaves the slice oi soil to 
be further and finally operated u]>on by (he “after 
influ©n(!efi” — a work of cultivation in winch, as the 
reader who is careful to kno\v will find cxplMiucil 
in the chapters above rtsfeiTod U\ tlic atmospliciTc 
influences, as rain, sunlight, and air, play an 
important part. 

Now let the reader hero pause for a» moment, to 
see what a flood of light this brief s(*arch above has 
thrown into the meaning of, or luthorwhat is actually 
involved in, the term art— denved, as we see it is, from 
the Latin verb to plough, Thoroughness is tJm yvvy 
element or the essential condition of its being. An 
art, therefore, is something thoroughly done, and all 
work is art. How full and soarcliing is the flood of 
light, then, which this investigation throws on the 
method of doing work ! The soil, possessed of its 
valuable qualities, and its capabilities of yitjlding a 
certain desired result, is flrst dug up, and lu^xt 
turned over, so that it is in the best position to 
receive the after influences, wliich give it i^he quality 
of completed work. And this turning over of the 
soil 60 essential to the work cannot possibly be done 
till the severing of the portion turned over from tlio 
general soil is so far os required to be thoroughly and 
completely done. And now, taking our definition of 


“technical” science or knowledge in education in con- 
nection with all this, the reader will perceive in what 
its work really consists. 

Fraotiosl leflaon in oonneotlon with Teohniosl Ednoation 
dedttoible from the foregoing paragraphs. 

To impart technical knowledge, then, we find that 
the material — that is, the mind, the capacity for, and 
capability to do work— must first be found, dug for, 
burrowed for ; it must then be lifted up and turned 
over, so that all the influences calculated to complete 
the work shall have free scope to work upon the 
material so dug up. As the soil has under its 
maybe rough and barren-like surface, constituents 
which, once “ brought to light,” give it the power to 
convert the old and comparatively useless land, grow- 
ing only weeds, into the new and useful land, yielding 
crops good for man and beast ; so every man 
possesses some qualities capable of being made useful. 
And just as the turned-up-and-over soil is cultivated 
afterwards, and brought under certain ameliorating 
influences which make its constituents all the more 
valuable, so in like manner are the hidden qualities 
of a man brouglit up from their original obscuirity 
into the light, and placed, or can l>o placed, under 
those influences vihich oidtimte thmu. into higher 
productivenesH. So far as the t-echnical education of 
a man is conc^erned, wc shall see as we proceed mhat 
those influences are. But meanwhile we desire to 
draw’ tlic very s])ecial notice of th(‘ reader to the fact 
that all those influctic.es must be brought to boar, 
otherwise their full effect or ratlier the completion of 
the desired etid will not be ol)tained. Still, keeping 
t ;0 the derivation or linguistic root of the w’ord art, 
and to the illustration of tlio rural work it involves, 
w’O would point out that it would ho but of little 
pra<;tical avail if the slice of soil w^ei’e merely dug up 
from the general land, turned over, and left there 
to take whftt clianco there might he of atmospheric 
influences suiTOuiiding it, alone acting upon it. Those 
aloue would not suilice to make it fitted to receive 
the seed and to mature that till the final prodiK^e was 
obtained, Otlier and after processes harrowing, 
rolling, clod-crusliiiJg, manuring- w'Oiild all have to 
follow ; and after the seed was .sown, and the plants 
aimo up, these w^ould ba.ve to bo cai*od for — that is 
cultivated, or hoed, weeded, cleared and freed fi'om 
(‘hoking wrec<i8 and all tliose juwiossas carefully and 
patiently clone, before tlie heaviest crops would be 
obtained. And over all and through all, to tlie very 
end, the atmosplienc influences would exert their 
power to complete the work. 

Variow Matter! influence the Buooeiifta PuMnit of Teohnloal 

Knowledge -Mutual Eelatloa between the Teacher and the 

Taught, or the Student. 

Hero we sec that it is not merely the employment 
of one, but of all the influexjoes, and those not only 
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intollip:eiitly but t*oiitinii()u.sIy oxerUMl, in wliidi what is 
cullotl “cultiv«tioii”roiiMsLs. So in like manner is tech- 
nical cultivation or o<hu*ati<)n charucterisod, in wliicli 
all the influences and means at command— mental, 
phyaical, ami (last, not least), moral — are availed of. 
And wo do not hesitate to say that it would have 
made much ^^eater progress than it has, had this 
great truth been more widely recognised and acted 
ui>on than it has. And the work of education — that 
is, bringing all the influences to bear — necessarily 
makes this a feature of it, that it is a work in 
which the two are concerned, the teacher and the 
taught. The t-cacher will have but little success in 
impairing what he knows, if the pupil or student is 
careless as to the way in which he i*oceives. Teaching 
or study, in the fullest and most practical sense of the 
term, is thus seen to bo a <lual operation — one of 
giving and imparting on the one side, one of receiv- 
ing and Inking on tJio o< her— and although this is 
so, it not seldom is so forgt>ttcn tJiat we hoar of 
cusos wIktc iJie teacher blames the student, and the 
stmhmt r<‘criininMtes upon the toaclier, although tlie 
great Jikeliiiood is timt botJj are to blame. And in 
this regard the reader must not eonclude that in 
usiiig t lio word ‘‘teacher” we mean to confine it to 
its oi'dinary significance of a living individual ; for, 
so far as tlie student is conc^ernetl, his l)ooks, and 
the great book of nature cvej‘ open to liini, take the 
place often of (he living toaelicr. And so far as 
the capainlities of tlie student lumself are (tojiccj-ned 
to bo taught, or In's ca]»acity to take in an “expJa- 
nat/i07» ” of an “art,” he will find, as we proceed to 
iiH.juire into th<' meaning of the term “education,” 
tJait it is tJio dmwfng out of (lios«5 capabilities aiul 
theii- development which jvally, and in the highest 
and most pnictiml sens*?, ooiistidites it, 

Poiition of tho Studoat in relation to his Education. 

At tlie same time it will bo found as a general rule 
that the fault lies with the student. He must be a 
very pooi- teacher indeed who Ims not much jrjore to 
impart than many -we may stiy tlu^ majority- of his 
pupils receive. For cxi)erieiice, we think, will hhow 
that teachers can point to but a ftnv with satis- 
faction ns fjaving turned ou(^ first- rate stdiolars; the 
rest, aft<T tlie first excitement and direct influence of 
the teaching is passed, fall into the ordinary ranks, 
some of the members of whhfh are so little distin- 
guished by aught superior to the general status, that 
for all the practical purposes of technical education 
they may be said to have never been at school or class, 
never been students. This, therefore, implies that 
the student, if he passes from his class in this con- 
dition here stated, must have had some special cause 
or causes operating upon him, or have allowed causes 
proc-eoding from outwards, or must have been himself 


the cr<‘ator, as it were, of causes, vvliii-h Itave opeinted 
upon Iiim; and tlu-ough these --if not mMually thwart- 
ing tho od'ort s of t ill* temdior, cei-tainly not aiding him • 
has been broiiglit abou.t flu* untoward result wlih‘h wi* 
have named above, and wliieli so many t eacliers haw* 
rea.soii to do})lore. There must Ik* ><oinetiiing radically 
wrong in teidinical education which rosnlts in so many 
who have pne through its cundculum passing away 
into a condition which practically is equivalent to never 
liaving passed through it at all. Of all the crowds 
which pass throtigh their classes, let teocthers sav if 
mmy become men of mark in their roapective callings 
in virtue of that wliii'h they endeavoured to impart 
to them when under their t^aiching. 

Thfi Pact* eonnectad with Taohnioal Education ai a Byttem 
Kooeiiity to look fairly at thoio is order to arrive at a 
Juit Eitimate of what hai been and what hai yet to be 
done in it. 

It is gmod pi)liey--nay, what is better, it is right— 
to look tacts in tlie luee.and to set ourselves resolutely 
to find out what reason there is for so little com- 
pamtively Jiaving ]»een »*f)eeted in the matter of 
technical edueatiun. It is not enough to say tliat the 
siipjdy of the means to imp/ut it has been quite inade- 
quate to the real demand, and that we are only just 
beginning to face tiie mressities of demand by 
establishing technical colli'ge.. and schools. Of fliese, 
the good tJiey are so well <'aJi‘idated to tio and of thv 
good tliev ai*e /fo/ eapabje of j>erforming*, we shall in 
pi-opor jdaco liave soinewhal to say ; but (die n,*al 
question ^^o have nationally to faci' is, Wliat is tla* 
reason w’liy so littli* practical lesidlj has eoniet out of 
the mciins of irrqajrting teelinical falucatioii wliicli 
we liiive for a ]>i'etty Jong s<a-i(*s of years ]K)sst*ss<^d 
throughout the country, taking it as a wJioJe ? It has 
been of very i-ecmit tiim.vs, mid is in fact now, too 
much the fasJjfoii, in our anxiety to make tlie machin(*i‘y 
of t€H*hiiicMl education, if not complete, at least mticii 
more extended than it is now, to aj-guc as if noiliing 
at all had been clone in tlie matter. It is not so, and 
to siiy that it is so is to do great injustice to the 
teachers and their classes who huv-*- been working 
patiently for years, alas! with the little practical 
result wo have above diuwn attention to. And of 
this we may rest assured : that themero ostablishmeiit 
of technical schools and coJh'ges will not alter this 
result very much, unless we ascertain what the causes 
have been whiirh have brought it about, and if 
possible do away with them. We liope, in tlie <*ourse 
of such counsel as we sliall do our best to impart, to 
show students how they should study and what to 
study, to be able to point to a few at least of the 
causes which have— as experience in the matter leads 
us to believe— operated hitherto, and are likely in 
the future yet to oporatfj if not met and overcome, 
in bringing about this unfortunate result. 



77/ A’ OnSAMKyTAL WOOD WORKER AND DESIGNER. 


283 


the ornamental wood worker and 

DESIGNER, 

In Carpentry and Joinery, ohiefly for Exterior Work. 
being one op the BUn-HECTlONH OF THE PAPER ON ‘*FOEM 
and coloue in industrial decoration.” 

CHAPTER III, 

In the concluding paragraph of last chapter we stated 
generally that in timber structures could bo as cheaply 
obtained of pleasing design as those which were un- 
pleasing. This is true, at all events, of the plain or 
general outline of the structure. And as regards the 
point of details, at but a very little extra cost very 
beautiful effecsts may be obtained. And why people 
should ginidge a little extra cost in making the outside 
of their dwelling-place a ^‘tiling of beauty,’* while 
they will go to even a lavish expenditure in filling the 
interior with objetrts of beiiuty — at least at much cost 
aiming at this — we confess that we fail to see. I^t it 
be remeiribcretl tliat a .struoture perpetuates either 
beatity on the one hand or ugliness on the ol her, and 
that as a monument of the one or the other it is 
tmiHtanthj staring us in the face, in our going out 
and in our coming in.” .\nd if this one ftict be borne 
in mind, it ought to influence us in making oin* pev- 
munent abode that which is pleasing to the eye atul 
gratifying to the taste. Nor let it be forgotten— -wliat 
is, however, but too frequently overlooked — that in 
this we owe a duty to our noiglilKairs, It is all very 
well to say that each man has a light to do ‘*tlait 
which is pleasing in his own eyes.” But this right 
has its limits, and to a man of a well-constituted mind 
the truth is ever present that his puhlu? conduct — so 
to call it — shall he so guided and dirtX'tcd that he will 
not willingly give cause of oflonco ” to those he 
dwells amongst. And it shows a sad defect in the 
lesthetio estimation of the popular mind when niimbors 
pi-efer an ugly to a beautiful thing j or, as we perhaps 
should put it as more correctly stated, that they are 
ignorant of what constitutes the difTerence between 
the positively ugly and the actually beautiful. Nor 
does it the loss argue a sad defoiit in the morah of 
the popular mind when numbers claim as their 
privilege, and assert it in their work, that they have 
a right to erect stmeturos which are pvinfnl perpetua- 
tions of all that is grotes(iue or hideously ugly. 

Fraotloal Value of the Foregoing Goniiderationi in relation to 
Ornamental Gonitmotion or Decorative Design of All 
Kindi. -The Poiition of the Young Artiit in reference to 
Deiign. 

Sucli considerations are so far from being out of 
place here, that they have the closest possible bearing 
upon the present section of the subject named in the 
title to this series of papers. For it is not enough 
that we give, as we pj'opose now to give, what may be 
called the alphabet of design in timber construction. 
This is necessary, but something more is required. 


For although a pupil may be tavight Id read — that 
is, have a knowledge of what may be called the 
mechanical part of the art, ho that lie can tell each 
letter, and pronounce or read any, however compli- 
cated, of their combinations — it rests with hiins(df 
that he reads so that he understands. The teacher 
has, so to say, provided him with the bricks or stones 
by which he can erect a building, but it is the 
pupil who must put them together in proper fashion. 
So, although we give in succeeding pages what we 
have called the alphabet of design, the pupil must 
not suppose that a knowledge of its elements con- 
stitutes design proper. To exorcise this, the pupil 
must think for himself, must cultivate a love for the 
beautiful, and to do this he must obstn've and closely 
study in various directions. What those are he will 
find detailed in the papers in this work given under 
the head of “ The Ornamental Dranghl-sinan.” And 
we have also indicated in the foregoing remarks in 
this chapter some other point.s which sliould influence 
and guide him in his practice. Tfie wliole subject of 
art education is so wide, embraces so many points of 
special importance, that after all thaf^ may be said, 
complete as it may seem to be, something more, it is 
felt, remains to bo given. Tlie subject is one which, 
after receiving the elements, the pupil must in fact 
think out for liiinHclf. There is in this, as in all 
departments of knowledge, no ** roytd road ” to its 
attainment. The way is often very rough, always 
more or less difficult to be trodden ; and, like one wdio 
is ascending a mountain, the object weeins about to 1,)0 
attained, when further advance only i^liows that it is 
farther off than ever. It is not given to (wery one to 
reach the uiountain top, but it is given to every one 
that if he chooses lie (ran at least have a tlosiro to leave 
the N-alley, remembering that eacih stop taken is a step 
whi(di places liim on a higher standpoint than he 
occupied before, from whicli he can command a wider 
prospecit and breathe better and purer air. 

Pointi oonneoted with Artiitio Deiiga ai Applicable to Coa- 
itrnotive Work.— The Method of Treating the General Snb- 
jeot of our Faperi.. 

Wo have this further by way of introducLory re- 
marks to notice : that the examples wo give are to bo 
taken more as suggestions for piu<!tioe in design, tlian 
the actual details to be rigidly followed. This is the 
outcome, indeed, of what we have said as to what 
constitutes true design. As in “The Ornamental 
Draughtsman,” and “ The Tiichnical Points conntH'ted 
with Form nnd Colour in Industrial Decoration,” tlie 
authors of the papers under those heads have given the 
elements of the art, leaving the pupil to design his own 
combinations of them as applicable to any pa) ti(;ular 
work he has in hand, so in the present series of papers 
we give the foundation— the pupil must on that rear 
the superstructure. The design, as such, must be his 
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“ v«*r,v own.” Wo iiro I'jir tVoin saying, liuwa-'vor, tiuil 
tln' ttNiiinplns wo aro about to giv<j ai'o to takoii 
for, or usi tul only ns, suggestions of design in detail. 
We may very easily claim foi* tluiiu a liigher utility 
than ibis. For being taken alin<»si in every instance? 
from exuiMples of ext'entoil work abroad, oitiier from 
sketebes of our own taken on the sj)ot, or oliUiinod 
from tbe many and s|Kt('ial sources of information 
ojum to us, they may witii all safety U; Jicicepted as 
details whi(di may Ixj executed in our practice of 
constnielion. They must, of course, be \ised with 
judgment, if use<l at all in this way, ami be taken 
so a- to preserv(j a unity in tbe <lesign as a whole, 
whatever the leading cbiiracteristics of its details. 

0en«ral ChwaotAriitioi of the Ornamental Work of the 
Carpenter or Joiner. 

Following out the subject opened up in the jirecoding 
paragraphs — namely, that of ornamental wood work — 
we proceed to the oonsidenition of that department of 
it which deals with the details of the art. These 
details, of course, when put in position, or in situ 
(see** The Stone Mason*’ for the meaning of tliis term 
in construction, also ** The Dictionar}" of Technical and 
Trade Terms ”), make up in combination part of the 
structures the general design or form or outline of 
W'hich will be in another place discussed. It doe not 
follow tliat those details, more or less ornamented, 
are to form part of a building wholly constructed of 
timber. Tliey may be used in conjunction with and 
be employed to give a gra<H>ful cloganco to structures 
of the more durable materials of stone and brick. 
Some notion of the eflcct of this <^oml)iuation may be 
obtained by an inspection of tlm design- specially 
prepared by us for the purpose —given in fig. 1. 

The filenertl Form in which Timber ii need for Ornamental 
Szternal Wood Work. 

8o far as these details are couceriie<l, the orna- 
mentation used to give the aesthetic or artistw; eflect 
aimed at is obtained by tw’o methods of treatment 
of the wood. Tills for details is for the most part 
used in the form of planks or deals (see “ TJie 
Timl>er Dealer”). The one is employed in the 
Ixxly of ilio plank, the other aU)ng one or other of 
its edges. The ornament in the body or face of the 
plank or piece of deal appears in the form of perfora- 
tion — that on the edge or outer line as what is 
best described by the popular term “ scalloped.” The 
work is thus simply effected by cutting, this being 
done in the small scale by hand, in the largo by 
machinery. The latter work gives on the Continent 
vise to a sixicial trade the members of which supply 
to builders and carjicntcrs a wide variety of planks 
or <leal« cut according to different designs. The 
trade or art of the trade is in FrjiiKJe known by the 
name of Bois dc^ooupe^ or, as we should term it, ** cut 
wood.” Tlie pleasing effect oVitained by tr('atiwg wood 
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used in constructiori in this fashion may be illustratiMl 
in detail by tig. Jl, and irj combinati(m in the design 
in lig. 4, and in figs. 0 and 3, Pkte XXI. 

Practical Examples. —Simple Elements or Details of Orna- 
mental Wood Work.— Flat Surfaces. 

Fig. 2 may ))e taken n.s illiislrating the very 
pliiinest way in which it is possible to present u jiart 
of a structure, as for exam[»lo at tljo horizontal 
lines of wives boards, or the angular’ lines of a 
gable. Contrast tliis with tlie very next or most 
.simple udvniicc which can be taken in its orna- 
mental treatnront, and the |)upil will admit tliat 



there would be something more pleasing to the eye 
if the bald plain edge of a &, lig. 2, were treated 
throughout by a repetition of the exceedingly simph' 
ornament in fg. 3. Still more would this effect bi' 
obtained in the next advance, as the design shown 
in fig. 4, and still more so in fig. 11, Plate XXL 
The tout ensemble of the edge of a board, plank 



or deal, treated with some pretension to artistic 
design, may be gathered from fig. 6, Plato XXL, 
wdiich is in design of a very simple chai'acter. A 
more ornate example is given in fig. 4, Plato XXI. 

Continuation of Example! in Detail. 

In tliis ii further iidviuico in the Jirtistic treatment of 
the wood is observable ; for wc ha^•e the two features 
formerly alludes! to— namely, tlie porforJition in the 
body of tlio boiird, as tit ri a, with thi‘ IrojitmenL of 
the edge or outer line at h Ih The effect of pevlont- 
tion in a higher rjitio of advance is given in fig. 1, 
Plato XXI. And here will be noted how the extreme 
edge, as a b in fig. 2, given above, of a flat board may 
be treiited, as at a a in fig. 2, Plate XXL In place of 
cutting the edge up into scalloped parts, as in fig. fi, 
same Plato, the whole edge is treated tliroughout so as 
to form a pleasing curve from one end to tlie other. 
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THE IRON MAKER; 

The Detailb op hib Wokk and the Piiinciples op its 

PllOCESSKS. 

CHAFI’EK IL 

We concluded the preceding chapter by stating that 
in their anxiety to give the greatest antiquity to 
the iron manufacture, some writers go^ back to the 
very earliest times from which to date it. But that 
those references are purely conjectural, and not 
based upon reasonable data, is pretty well proved 
by the closer investigations of more careful writers 
and authorities, Thus it seems pretty well estab- 
lished that, although in the earlier writings l^ih of 
Scripture and pagan authorities, the word iron is 
often met with, it literally moans bi'onze, Tina 
metal, a compound of copper and tin, beyond all 
doubt was largely used both in the fabrication of 
vessels for domestic purposes, for use in religious 
worsliip, and for the making implements of war. 
And if one carefully li-aces the practical tletails, the 
making of iron, from the earliest times when we have 
records, however scanty, still of undoubted veracity to 
full back upon, it- will not be ditlicult to conclude that 
the ancients would have gi-oater ease in the production 
of artich^s of coj)per, and of bronze as made from that 
metal, than in those of iron, How this is we shall see 
as we go furtlier into the subject; but one point 
alone need be named lici e in pmof of the conjecture— 
that tlic metal copper, in being reduced from the ore 
so calk'd, was procluc<‘d in sikjIi a form that it could 
bo cufii or run into moulds. Now, from the earliest 
rocordc<l statements in (jonnection with the liistory of 
iron, np to what may he called comparatively a very 
recent period, the inanufactnro of iron was confined 
wholly to the production of the material in that form 
now known as malleable” or “ wrought ” ; the produc- 
tion of pig iron,” to use the modern term, or that wliich 
would be cast or T’un into moulds, being a discovery 
made within times so very nearly approtiching our 
own, that in vi(!W of the long ages of tlie world's history, 
it may well be stated t-o be at least comparatively quit© 
a modern invention. 

Now, the rea,dor will see that the ca})ability of bo 
treating copper that it could be smelted, melted, or, to 
use the technical term, ** reduced ” into a iluid stab:*, 
and in that condition run or poured intx) moulds, would 
give great fac'ilities for the fomiation of a wide variety 
of forms, whatever t}iG objects so moulded or cast were 
used for, And when we consider another peculiarity 
of the metal — its extreme ductility, by wliioh it could 
be drawn out or hammei’od into various shapes — we 
see another reason why the making of articles of 
copper and of bronze would be carried out to a large 
extent by ancient artificers. Brass, a compound of the 
flame metal and zinc, would pi'obably be discovered at a 


later dale, as the alloy is more difficult to make limn 
tliat of copper and tin (bronze), from the lemlcmy of 
the zinc to volatilize and pass ofi* in the* form of a 
metallic vapour. Another reason why it may fairly lx> 
supposed that the making of articles of iron followed 
at a later date than that of copper ones, is that the 
ores of iron pi’actically are never met with in a state of 
purity, being almost alw'ays found associated in greater 
or less proj)Oi’tion with impurities which exercise a very 
deleterious eflTect on the quality of iron produced. We 
shall see ns we proceed how largely this circumstance 
has aftectefl and still affects the progi^ess of the iron 
manufacture tow’ards that economical and complete 
success at which iron makers are still at this day 
aiming ; the existence of tliose impurities in the ore 
having, so to say, necessitated and brought into exist- 
ence those very improvements in the manufacture 
which, both in their scientific and practical character- 
istics, constitute the ino.st remarkable as it is the most 
gratifjdng feat\ire of the iron trade, in its teclmioal 
and iiulustrial aspects. 

Copper and the softer metals being generally found 
in a state of laii-ity, or at least very little deteriorated 
by impurities {-iffecting the easy rediurtion or the <jiialitv 
of tlie ultimate metal, for many re.Msons— one only, 
indeed, neodetl to 1»C‘ opoixtive— man, thei‘efoi*o, iti liis 
earliest stages of civilisation, would ust‘ only thost* 
materials which could ])0 most- easily availed of, for 
h’s contrivanc(‘s would bo of the crudest, liis a])- 
]dianccs of the simplest clinrnctor. Iron oj‘(‘s, lliero- 
fore, it may bo reasonal)ly predicated, were amongst 
the last used of rnoiallie subsiaiK^es. 

Th« Early Workeri In Iron. 

As w’c liavo said, history is really wilont as to the 
country in which iron ores wore first used for the 
production of articles fitted for the use of man, either 
in his quieter sphere of domestic life or of tnido or 
commerce, or of the fierce and ferocio\is wars and 
predatory excursions whicli at one period seemed to 
he the chief work of lus existence. The earliest, 
ccrtainl}' tlie most extensive and by far the most 
successful, searchers after and users of metal ores, 
wore the Phoinicians. This seems to be admitted on 
all hands. And the probability is that they W’ere 
tlie first to find and to hit upon a metliod of using 
the iron ore.'S, in their extensive w’oi-kings in metal. 
From a -s’Cry o^^■ly ptuiod they cai-r-icd on an exten- 
sive trade with the ancient Britons in the pur<rhaso 
of tin procuital from tlie mines of wdiat is now known 
as Cornwall. 8ome autliors state it as their belief 
that it is to the PlueniciHiis tliat the introduction of 
the manufacture of a workable metal from iron ores 
is due. And there is much to favour tliie viow% as 
it is not easily credible that a people wlio trafficked 
and wrought so much in metal ores and their products 
had passed by os useless, ores whicli were mot w’itli in 
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such abiiinlanoo, ami timt 80 rwjulily that in som<* in- 
stances tla'vcjrop out lu’tually to, and in many cfisfjs are 
but a verv little way ls?low, the eai-th’s surfa(!«j. Tlie 
very abundance, moreover, in which th<i ores of 
iron are met with in localitieH which are now known 
as the iron or ironstone districte, would, it seems 
only natural to suppose, attract the attention all the 
moi’e certainly of those who, like the PlKenieians, 
had a practiciil acqmiintance with metals. For it is 
one o{ t\ie dintingmahing, and to us as a people 
singularly happy circumstances connected with the 
iron trade, that its ores — and they are of gi’oat vuiiety 

of coHKstitutiou are met with in thick or deep veins, 

and extend over vast areas of land, m that every 
facility is afforded for working the mines with com- 
parative ease and profit. Tliey are unlike, in this 
n^speet, the rarer and more precious ores, whicli arc 
found only in limited ar(*as or distriets and not only 
so, Imt in limited quantities ; the veins, or lodes as they 
anj called, l>eing thin and freciuently inter nipted by 
the pi'csence of foreign iiiattuhils, winch interruptions 
have got the ominous name of faults attaelied to 
tiu'in in trade or technical j)hras(‘. Anotlier, and as 
tla* reader will not fail to e(»nsider, a singularly happy 
feat\ive of the great distriets of iron ore, is that they 
are generally assoeiated with, in fact, in near contiguity 
to, the coal fields. Tbo result of this, in its pvacli<‘»'l 
form, wo shall presently see. 

The BomRiiB as Exteniive Workers in Iron while in 
Poiieieion of Groat Britain. 

Whether, as conjectured by some writers, or not, the 
Pbauiieians had impartinl to the ancient IJvitons the 
secret of tiie uro to which llie^ ores of iron could be put, 
or whether, as some others bold, the ancient Britons had 
possoRsed it long before, certain it is that lliroughout 
the period during wdiieh the Romans bad poss(‘ssion 
of Great Britain the manufacture of iron was carried 
on to 11 largij extent. One of their largest, if not the 
largest, iron w^orks was situated at Bath, this beautiful 
city having been chosen fi’om its antiquity not only 
for the iron ore deiiosits, but the large forests, from 
which a supply of timber for the making of charcoal 
could be obtained. The vast mounds of scoria-; wdiich 
long formed a distinguisliing feature of tlio landscape 
in this region attested the extent to which tlio 
Romans had curried on the miinnfactui’e of iron. 
But it was not only to their work that the origin 
of those mounds of iron- trade debris is to be tiuced; 
for it is the opinion of some writers that many of 
them were the result of tlio iron- making carried on 
by those tribes of Northmen from the northem seas 
of Euit>pe, who long and sorely ravislied this country 
subsequent to the departure of the Romans fi'om it. 
Tills view is sustained by tlio local name long given 
to those heaps of scorite in some districts — namely, 

the Danes’ cinders,” Long an encumbmnee to the 


land surface, if not an eyesore to the lovcff of nature, 
it r<.*iniiined for geiKTiitions sucet;oding to the land 
centuries aftcu- to utilise much of the scoria; of wdiich 
they were composed, by employing them in the blast 
furnaces which were erected in tlio districts. How 
and why, we shall in due place describe. 

Chief Locality of the Ancient Iron-making in Great Britain, 

When we take up the detailed description of the 
three great classes of manufactured products from 
iron ores, we s\ia\\ explain tlae ancient metM oi 

ranking iron— in whicli, as may be gathei’ed from 
what we liave just wiateil, charcoal was used as the 
reducing or smelling fuel. For a long time the 
dense and extensive woods with which largo districts 
of England, cliiofly to the south anil south-west of 
London, were covei'ed, yielded an ample supjily of 
the wood required for the making of the charconl. 
Those woorls gradually diwippcarcd ; and in ordc'r to 
save a remnant of them for* other and natural jiur- 
poses, it w^as made penal to cut the trees clown for 
any jiurposc. Tliis, with the positive lack of iiinhcr, 
almost virtually extinguished the manufactui-e of iron 
in Gn‘at Britain, and it was almost wholly carried 
on by Continental peoples, as those of Sweden and 
Russia, who yet possesKod boundless forests of timber. 
Sweden, possessed of the ilnest timlxu', as also of 
the most valuable iron ores, rose into a. ilistinguished 
position as an iron-produeing country, which it has 
sustained, as we shall see, up till the pn'sent day, 
The goiH'val reader may perhaps here ex]»rcss surprise; 
that any difiiculty arising from n, s<;arcity of wo<»d 
could not have been got over by simply using the 
common coal of the country. But what has to ho 
wjiid in connection with tiiis point opi>ns u]) one tif 
the most curious, as it certainly is one of the most 
suggestive, chapters in tho history of tho iron tnide 
of Great Britain. 

The Old Hetkod of Making Iron with Wood as a Pnel— 

Bnggeitive Points oonneoted witk this in Eolation to the 

Modem System. 

We stated at the end of last paragraph that tlio 
difficulty to obtain su])plie8 of cliarcoal in tliis country 
had brought the manui'acturo of iron to sucli a, jioint 
that its production had almost ceaw'd : so seni tH; had 
it become that in the reign of Edward the Third all 
expoitation of it wa,H 2 )rohibited und(;r st^vere penalties. 
Practically, for long W’e wia-o dependent upon tho 
densi'ly wooded countries of noT’tlicrn Eui-ope, who, 
not only thus fortunatt; in the possession of an 
unlimited source of (‘harcoal supply, were equally so 
in that of mines of tlie finest iron ores. The ir<jn 
made in tliose early days of European civilistition, 
when tho arts and sciences weix; only just beginning 
to show some symptoms of vitality, was of tho kind 
or class wo now know as malleable, or more generally 
wrought iron. 
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The Qexeual PniKCirLBS and the Details of hibWoek. 

CHAPTER IV. 

V«rtloal Joint with Vortiso nnd Tenon. 

In the lost form of joint illustrated the groove 
€ is out to a certain depth only, and acroes the full 



Kig. 8). 

breadth of piece u a \ tho width of the i>ieoe h I 
being HuppoKed to be equal to ilii^ breadth ; but in 
the joint in hg, 31 tlje width of the horizontal piece, 

as d' dJf i« greater than the thickness of tho piece b h, 



Fig. «2. 


wldch is to be jointed vertically to it, and which is to 
occupy the centre of the width d^ d\ Tho joint is 
effected l)y mortise c' and tenon h cut in the end of a, 
Tho mortise U and c' is cut through the full tliickness 
of piece d' d'f so that tlie end of ft may be w’edgod up 
from lower side of piece d' d\ The tenon ft i« not of 
the full width of a, but is cut so as to give n shoulder 
at both sides of the tenon ft, as shown, 

Joints for joinisg Horizontal with Vortical Fiecei. 

Pig. 32 shows a method for joining a horizontal 
piece a to a vertical piece ft, both of which are of the 
same thickness, by a dovetail tenon shown in side 


elevation at g, and a corresponding moi tise A. Thi^ 
is cut the full width across the fime of vertical piece 
d d, as shown at c. In place of making the tenon 
as at A, in i i, it may be cut with shoulders, as 
at j j, on each side of the tenon /, corresponding 
undulations or hollow parts being out out as at A A, m. 
Pieces at right angles to each other, as in preceding 
figure, are met with in framework very frequently, 
the pieces being generally of the same thickness, and 
often, though not always, of the same breadth* Thus, 
in fig. 31, a' and b' are parts of pieces joining as at the 
comer of a flaming. In cheap W'ork, the joint may 
be made on the “ half-lap principle, illustrated in 
fig. 12 (auta ) ; a part etjual to the breadth of the piece 
in length biiing cut out at tho end of each, as shown 
by the dotted line on piece a a, fig. 33 j the thicknoss 
of the piece cut out of each end being, of course, 
e<iual to half the thickness of the piece ; and as the 
thickness of the two pieces is tho same, the result 
is that when the two pieces arc put together the 



Fig. »». 

surfaces will bo flush on both facoK. Tho two pieces 
will have to bo secured togetlier by nails or otherwise. 
But in a liighei* class of work the tenon atid mortise 
joint,” as in tig. 20, may be used, as shown in fig. 33, 
in which a' a', to the right at top of diagram, shows 
the edge view or thickness of piece a a, having an 
open mortise ft' cut in the centre of its width and 
at the extreme end, the depth of which is equal 
to tho breadth of piece ft ft ; this is shown at e 
witli the tenon d cut at the extremity, which is 
diiven into mortise ft' in a' a\ end view d a e being at 
c in a\ Or a double mortise and tenon joint may 
bo used, the double tenon being as at / and g in 
end view, and A A in face view i i. For tho joint 
thus made will be secure against any pressure acting 
in the direction of the vortical arrow 2, or horizontal 
one as shown in upper figure to the left ; but pressures 
acting in directions opposite to those directions will 
tend to draw out the tenon from the mortise laterally 
or force it up vertically. To keep the whole in place, 
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a woodeti pin may l)e uned, iuHerted into a civcnkr 
}iole out through the piece a a and the tenon d. In 
fig, 33 A we give another form of this class of joint, 
in which the horizontal piece h is secured to the ver- 
tical piece a by the grooved and tongued part at c 



Fig. M3 A. 


A Modiflostion of ** Dovotail Joininff, si at the Oomeri of 
Two Fieoei meeting at Bight Anglei. 

In fig. 34 another form of joining pieces, as at the 
corner of a frame, is n modification of the principle 
of dovetailing, in which the mortise and tenon, in 
place of being plain surfnced, ns in the last figure, 
are dovetailed. The mortise cut in the piece a a Is 
cut across the end, and is open to this, as shown in 



Fig 34. 


end view at cZ ,3 / in h h ; tlie depth being equal to 
the breadth of piece i. The end of piece h is cut out 
with IV tenon as at i nnd^*, and when the two pieces 
are pljiced together by inserting the tenon i in the 
mortise d e f on looking at the edge view at a', 
of piece a in the direction of the anow 1 io llie 
left of the upper figure j the end of tenon i is seem 
at in cross hatcliing. Looked at in the direction 
of arrow 3, the whole presents the appeaiunce as at 
h' h\ and j, those being the same part-s os those 
correspondingly lettered without the ivccent. Pres- 
sures tending to separate the pieces are prevented by 
the form of the joint hero employed, excepting in the 
direction of the arrow 2 ; and to meet this pressure or 
separating strain, a pin as at 0 , or in edge view at t, is 
passed thi'ough the two pieces from side to side, and 
finished off flusli with both surfaces, not allowed to 
project, as shown in the diagram at i. When the 


doveta^ piiudple oi joint ia applied to work, a® w 
boxes, or in a very complete way in larger work, the 
double dovetail is employed, as illustrated in fig. 35. 
In this form of joint it will be perceived that strains 
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tending to separate the two parts a and h are mot in 
both directions by the angular form being given on 
both sides. 

The Mitre ** Joint. 

Pieces as in framew^ork are joined at right angU^s 
by w'hat is called the “ mitre " joint. In the illustra- 
tions already given, the end of each piece is cut oft* at 
right angles to the length. But in the “ mitre " joint 
each end is cut oft* at an angle of 45^' to the length, 
us ill d d' of the piece a' a', or h* b\ tig. 30. When 



Kiff. 

pieces thus (!ut are joined fnce to ftiee, us c' d' of rd tt' 
to d iV of U 6', they are exactly at right angles to each 
other, or square, as at a a to h and tlie joint c </ is 




Fig. «7. 


termed a “mitre ” joint. A side view of piece // // is at 
a e. Tlio pif^os wdieii placed in position must bo glued 
or otherwise secured. A mitre joint sometimes used 
is illustrated in tig. 37, in which a shoulder, as at c, is 
cut in the piece a &, giving the end of the form as at 
a' d d\ 
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THE UACHIITE UAEEB OB GEHEBAI 
XUCHIHIST. 

Sfuoul Examplk^ of niB Wobk— Its Lbadibo Tech- 
nical PniNOiPLEa AND Details. 

CHAPTER IV. 

Early Stages of the Soienoe or Theory of Meohanlos or 
of Haohine Making. 

In ooTifiidering the ciroumjsijtnces of tho eiirly stages 
of the history of nioclainisin, as glanced at in t}ie con- 
cluding sentences of tlie preceding chapter, it will bo 
KGon that in truth the science of meclianics has passed 
through the same stage which nearly every science 
has gone througli — namely, that to which we may give 
the appellation of tlie infant or child-iinnd ora. In 
this it is only the marvellous w'hich extntos attention \ 
and one has but to glance over tluj early tvoatises 
known general ly as scientific, to have abundant proof 
of this, Tlie more clearly, indeed, the writer sa\v 
the value of the power, the more he seemed to revel 
in tho extraordinaiy developments which could be 
given to it, and at the marvels of the work which it 
was destined to do for humanity, But the very 
clianictoristics of this child-like stage precluded, as 
of apparent necessity, all (‘onsidoration of tho real 
conditions of humanity ; and its work was done, 
and only could be done, when the manly stage w’lis 
i^eoched, of which the feature is fliat w^ork is to 
bo done in tho arena of daily life, A man of science, 
of the times vs'e write of, thus saw as a child, thought 
and wrote as a child, nor could ho fuisily put away 
childish things. Nor should it be forgotten, in con- 
nection with the science of mechanism, that what 
brought scientific men face to face with the necessities 
of meclianical work, was what the purely ’working 
machinist, so long despised by tho pure scientist, had 
actually dom in applying it to the necessities of daily 
life. 

The Early Work of the Praotloal Uaohiniit— Teohnloal 
Leiione to he Derived from it, 

While the theonsi w’as pkxlding on from day to 
day, inditing his long and “ diy-as-dust prelections, 
describing machines os impossible in their working 
arrangements as illustrated, as they promised to do 
impossible things of marvellous little uso to humanity 
— if they hod been possible — the machinist was 
laboriously w’orking out mochanical combinations 
and appliances which enabled tlie varied and ever- 
varying necessities of man to be provided for, His 
contrivances, slowly and all too painfully elaborated, 
helped to raise the coal and the iron ores from the 
mine, which without; their aid had been inaccessible, 
and which miiny a writer who could in no way foresee 
what the machinist was capable of doing, deplored in 
dolorous language as eerbiin to be inaccessible, and that 
but too soon for the welfare of mankind. Machinists 


slowly elaboiated the contrivances by which vast tracts 
of land were freed from water and rendered useful in 
the production of food, without which they would have 
remained not merely useless in this regard, but wide 
sources of miasma — potent causes of disease. And 
in a lesser way, but still vastly useful, it wiis the 
machiTiist who devised and constructed the imple- 
ments by which iliese lands, created, so to say, by him 
— for without his miudiinos they could not liave liad 
existeiKJC — were cultivated. And as our population 
increased, and with its increase the demand for its 
clothing, it was our machinists who devised and 
constructed those loachiiios which were substitutes for 
the manual labour by which for a long time clotlung 
fabrics were alone made, and without which me- 
chanical substitutions tho ever-growing demand for 
materials could not possibly liave been supplied. 
And so throughout the wide lungo of vrork required 
by man, — a range ever widening, not merely in 
consctpienco of his ever-increasing demands, but, 
curiously enough, by the very clemaruls wliich one 
class of machinery makes for another. A mosi; 
suggestive circumstance this latter, and of which 
tht; present work will abound in examples. 

Diffioultiei with which the Early Maohiniita had to Contend 
in Making and in Improving Maohinei, 

And all this woi'k of the practiml machine maker 
was (lone, let the technical reader ever bear in mind, 
in face of material difticulties of which the machinist 
of tho pr-osent day, looking merely at the cireum- 
stances of daily work by which he is surrounded, cun 
have no conception, lie miglit devise a machine, 
with all the “ cunning (kenning or knowing) “of 
the true inventor/’ admirably designed to perform 
its work; he could arrange its combinations, and 
sketch out the several pai’ts of which they consisted. 
But those parts were to be formed out of the rough 
materials at his command — the wood or the iron ; 
and they could not l)e fomod without the aid of 
mechanical contrivances, so that before a machine could 
be made to do its work well and economically, machines 
or mechanical appliances had to be found by which it 
itself could be formed. So that the machines which 
make machines," or help to make tliem — the tools 
which formed tools, or assisted in forming them — 
had all to be discovered, made, and applied by the 
machinist before he could construct the machine ho 
had to devise. Tlie considerations which this fact 
brings up to the thoughtful mind are suggestive in tho 
highest degree, and tend to place the labours of past 
generations of machinists on a much higher platform 
than many are disposed even now to concede to them, 
and to award to them a higher meed of pi-aise for so 
successfully encountering and providing for the diiB- 
oulties under ’which they did their daily work. In 
looking back, indeed, upon the times gone by — not so 
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remote but what machinists wow living, not yet 
deemed as the aged and retired, touched, so to say, 
their outer edge, and came in contact with the work 
done by our early engineers — it is in truth ditficult to 
compreliend how it was that they did overcome the 
practical difficulties with which they were surrounded. 
Like brave men as they were — of that Anglo-Saxon 
blood which knows not how to be defeated — tliey 
knew they had a work to dOy and they set themselves 
witli a stout heart to do it as best they cjould. And 
but little record they loft in the way of moanings 
over the difficulties they had to deal with — which 
iruittcrs little to us ; and as limited their notes ” of 
how they overcame them — which to us of the present 
day matters a gi^eat deal, b^or such a recoi*d would 
have been simply invaluable, as it w’ould have carried 
wdth it a vast amount of practical facts of the greatest 
service to us, nol) merely as giving us lessons how to 
do mechanical work, but grave warning as to how not 
to do it, — examples for nvoidan<?e, as we have already 
hint<!d at, forming almost as osseiitial a part in the 
traiiiing of men as those for adoption in practice. 

The Ability to Design or Invent greater than the Faoilitiee 
offered to him who had to Conetmot, a Feature of the Early 
TimoB of the Kaohinist. > The Diffioultiei of the Cele- 
brated James Watt, the Inventor of the Steam Engine, 
in the OonitruotioA of hU Engines. 

In the prf^(jeding paragra])!! we vemnrkcd that the 
difficulties which our early injichinist.H mot with in 
Idealising the machine designs fortriod not tlu' least part 
of those they luul to eiicountei* in applying moclian ism 
to the work of everyday life, It would perhaps bo 
more correct if wo said that tboir difficulties in thu 
way of making or constructing a niaohino w^ere much 
greater than those in the way of designing it. In 
point of fiu't, ability to design far outran the facilities 
to construct, And in a sense it is imiuful to think in 
how far and by wdiat so much meclmnical progress 
was hindered — being put biick in some instances, or 
rather ])ut forward, l)y many years, from pure lack 
of the facilities to construct, 

We liave before us a p.ipcr read recently at a 
meeting of the Institution of Mecluuiical Kngiiieevs 
by Mr. E. A. Cowper, one of our ablest engineers, on 
“The Inventions of James Watt, and his Models 
preserved at Handsworth* and South Kensington,*' 
In this paper Mr. Cowper gives the following It 

* Hcathficld Thill, Hturlswortli, near Birrniaj»Tiarn, the 
roaldeace of Watt— now occupied by Mr. George Tuiigyo, the 
tuumber of a well-known Arm of mechanical cuginccrB at 
Soho, noar tliat town, and who takes a pride in retaining the 
room occupied by Watt as a study and worksbop in the 
original state, and with its contents us left by Ihe^ groat 
inventor, ,Ab many of tho models, etc., have bo(jn going to 
decay, Mr. Tangyo, with considerable care, has had photo- 
graphs taken of them— a process of recording which has proved 
in some oases no easy matter to carry out. 


is wortliy of note that in a letter to a friend ho 
(Watt) said that he thought he had got his cylinder 
bored bo perfectly that you could not get a half-ci‘own 
between tho piston and tho cylinder anywliere, Now, 
we must not bo altogether surprised at this reuiark 
when we consider with what material he was in the 
liabit of making his models, Ho used tin cylinders 
ai\d soldered joints in many eases ; and in one letter 
ho says Hhe cylinder was not veiy true, as it liad 
not boon bored but was hnmmorod'; and in another 
letter he says that he shall in future make his 
oylindorR of copper, as though tluit was a great 
improvement upon the material ho had been using. 
He speaks of his ^ White Iron Man,* who was so 
useful, being dead — iiKsaning his ‘Tin Man’; Imi it 
does seem sad that a block-tin cylimlcr that Iuj used, 
eighteen iiudies in diaTueier and a iiuartor of an inch 
thick, should be tliree-cpiarters of an inch out of truth; 
and ho speaks of trying to improve it by hamiriering it 
with a mallet on the outride on a piecse of wood lilted 
to the iiiside. It is curious to think of an optician 
and mathematician spending time over such imperfoct 
work. TTis partner, iJoulton, one day writes to Watt, 
who was away, that luj hud put in liarul a block or 
boring head to boro a ^ cast iron ’ cylinder, then in 
hand, piv.)l)ably one 7] incites in diameter.’* 

The Diffloulties with which Watt and all the Early Machinists 
had to Contend full of Suggestive Lessons to the Tech- 
nical Student. 

If tho young tecl»Tn<^al i-t^jidia* will tliink over this 
extract , ho will find it most suggestive to him of what 
were tho difficidtiijs with wdiioh the early imudiinists 
had to contend, not in tbemalter of dt»sign — .although 
everytliing l»ad to lie dorus in this da novo, from t lie 
ciummstaiKiOS in wdiich they wore placed demaiKliug 
work of an entirely novel description — l)u(< in iJio 
matter of construction. And wo may n‘poat that it 
would be <lillicult to ovcrostiniato the vnlue of the 
lessons which could have been learned from a i'C('Ord 
of what our early machinists had to do in o\'or- 
coming the ditliculties of construction. Unfortunnt(»ly, 
such a record does not e.Kist in anything like a 
complete condition : so far from (romplete that we 
have but an entry here and thei-e, and oven then 
with detmls of the briefest and most fragmentary 
kind. Even in tho (;ase of Watt, the father of 
modern powoi-iniusliinery, we have details so few 
and far between that it is oidy by reading between 
the lines, as it were, of such scanty retjords as are 
left us, that we can guess at tho dillHuilties he hml 
to encounter to give to his marvellous inventions a 
working value. But although guess-work be all, or 
nearly all, that we have to fall back upon, we have 
enough to guide us to some accurate conception of what 
our predecessors in tho mechanical world had to do, 
the difficulties they had to contend with. 
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05. TRe Condition of Pulley Surfaces. 

In notes in prt'ceding ptirts of tlie Journal we gave 
a variety of information on certain points, as those 
bearing upon the strains to which belts or straps are 
subjected when being passed iT)und pulleys in the best 
position in which the belt could be placed so that their 
strength to resist those strains would be best given 
out — that strength being different on the two sides or 
surfaces of the leather. We have shown that the 
grain side of the belt is, or should always be, put to 
the pulley, as it is the denser, moie compact, and 
smoother of the two sides of the leather. We have 
also drawn attention to the form or section of the 
rim, or part of the pulley gripped by the belt, and 
how that affects its actual working; and we stated 
the reason why this was necessary to be given to it. 
In that note we stated the way in which the motion 
of the belt was due to the a(lh(*sion between its 
surface and that of the pulley. We have wiid that 
tho.s 0 wlio have a pi'nctical acqiiuintanco with belt 
gearing know but too well all the annoying losses of 
time and temper arising from the slipj)ing of the 
belt,” or rather, to put it more correctly, the slipping 
round of the pulley failing to catch or grip the bolt. 
The surface of pulleys, that is of the rim or loop, is, 
in order to bring it to the right form and exact dia- 
meter, finished or turned in the lathe till a unifoi-m 
and a smooth surface is obtained. This is just so 
much in favour of the slipping of the belt ; and to 
prevent this a number of methods have been intro- 
duced into praoticse. Before proceeding to describe 
them, it will be useful to glance at some of the points 
involved in the slipping itself. Some machinists think 
little of this 8]i]>ping, and by omplo^dng the most 
commonly adopted means of preventing it when it 
interferes with the steady working of their machines, 
think they have don© all that is necessary or wln'ch 
can be done. But there is more involved in the point 
than this. For while an actual loss of power is created 
by the slipping jt?cr ac, the means used to prevent it 
may and often do bring into existence other evils 
which not seldom eventruilly entail considerable loss. 
Tlie slipping of the belt in too many cases is but too 
apparent, being so decided that to keep the machinery 
in motion — a stoppage being inconvenient and likely 


to cn.uso loss or djiniiige — exj>edi('nts aie compollod to 
be resorted to wliich do often considerable miscliiel. 
But .slipping in many cases is not so obvious — indeed, 
it is sometimes somowliat diilicult to ascertain that it 
exists — and yet it may bo existing, and if so a c(*rtain. 
often a grei.it, loss of power will be the result. Tliis 
diliiculty in observing or making clojir ibo slipping 
is just all tho greater the more accurately the tension 
of tho belt and tho arrangoment of the of pullevh 
is secured. Still if the space passed through by tlie 
pulley surfaces during a given time be carefully 
reckoned, and also that jiassed through by the belt, 
it will very likely be found that the speed of the 
belt on the number of feet it has passed through is 
less than that of the pulleys. We are here supposing 
the case of two pulleys of equal diameter. But in 
other oases there may bo this difference between the 
speeds: that of the belt being less than the speed 
due to it under the arrangement ; and whenever this 
difference of speed exists it is decisive of the fact that 
tho power w'hich it is the purpose of the belt and pulley 
arrangement to transmit through the agency of the 
belt is in excess of the friction or ** grip ” of the belt 
upon the iron surface of the pulley— or what is the 
same thing, although conversely perhaps more clearly 
stated, the grip of the pulley being less than that 
required to transmit the power, so much of that 
power is necessiirily not used, and of course this is 
equivalent to a loss. It is requisite here, as in all 
aiseaeof trial or experiment, to take into consideration 
their conditions. For if tlie speed bo gi’eat the ditil- 
culty in regard to the grip is le^^s than when the 
speed is slow ; and on the other hand, if the pnlle}>’ 
rims are large in diiimetor, the conditions are all the 
more favourable to tlic running without loss of power, 
if for no other reason than tljat tho belt surface in 
contact with that of tho pulley is increased, whi(d» 
of course inoroases its ** grip,” In the cose of small 
pulleys the surface of the belt in contact with the 
pulley gives small grip or hold, slipping or sliding of 
the pulley within tho belt without dragging it round 
being therefore much more likely to take place, and this 
the greater tho power to be tninsmitted. Even a 
small difference between the velocity of the “driver” 
and that of the “ driven ” pulley, when both are of 
equal diameter, amounts to a considerable percentage 
of loss of power. In some cases experimonte have 
proved the loss to be as much as one-fifth of the 
motive power desired to be transmitted. We have 
said that several devices have been and are tried 
to overcome this source of loss through belts slipping. 
And the reader who is new to the subject should 
note that by slipping of the belt is 4iot meant here 
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^lip|,inK <tir tll»‘ iM'lt n,rtiiijnim iIhj 

i„HAi(l<'<l |HMi|.li.'iy «it th.* puik^y 

with !i ji.^e or .nW«‘ 1I in tlirrmliv. liiil ihc ^lippiii^^ 
H> i>l' ila' holt h»*ro h»-iii;; r..h>i'loro<l i> 

inon* (•nir<*<'lly .lo.i-jiaf od tlio ivvnlvin;; «>f tlu; ptilloy 
within tho )>olt, no that it d<M‘rt not lako a “ ju'rip ” 
,,i’ it, ui\ wliicii U tin- >aiiio thin;^ prartirully, <1 <ks 
not allow Iho holt H) grip it all lioiigh t horo U a ditVor- 
aiu‘r hot wrtMi tlir two nnalitinn^ of a ‘'driver’’ and 
a drivfii pullry in tins rosisrl, it U-ing the “drivor” 
pulley whiclt grips the holt and drag^ it round with 
it, while it hi the belt, thus ini»v(‘d <»r dragged, which 
grips the driven pulley, causing it to revolve. 
Now, when the pulley revolves for any part of its 
periphery without gripping— or, so to say, seizing 
hold of the belt and digging it roiuni with it, 
the l»elt is said to “ slip,” although, as wv now see, 
it is the pulley which slips past tl»e belt without 
dragging it. A very common device is to pound 
resin into a powder more or less line, and strew a 
little on the inner surface of tlve lower side of the 
belt. This canii^ it along till it piu^ses between its 
surface and that t»f the pulley. Tlie young reader 


l»y nlt«-i-irig the character of the )>ullcy sur- 
face has bciai introduced, and w'ifli varying success, 
aCT(>r<ling to the suhstaiu'e used as a siil)siil,iito 
for the oj'dinaiy non pei'ipheiy of the pulley. Of 
t.liaw! substaiuMis wood is one and we cun easily con- 
ceive how this uiatc-iial was thoiiglit of as a co\cring 
for pullry surfaces ; it is light , (ileaii euLting, and easily 
adapted to broad surfaces, and can have its surface 
roughened. Hut ready as it is Cor tida])tatioii, and 
juuch as it has been used, it has the great dcfe(!t of 
becoming very smooth under the repeated and con- 
tinued motion of the belt over its surfac«i — so smooth 
that it becomes glazed and polished, and presents, 
though in a different way, the wane defect which 
causes and aids slipping of the bolt on the smooth 
and ultimately polished surface of an iron hoop or 
rim. And to obviate this, recourse is had to lougliing 
up the wood surface by going against the grain of the 
wood. But though this is efieotivo, it is only so for a 
time, and it possasses this great defect— that in time, 
the rougliing process being again and again repeatetl, 
the diameter of the pulley becomes less and less. 
And although this does not much matter in gearing 
w’hero the speed of the driven pulley and the ‘‘driver” 


will ][)erceiv© ho>v this tends to increase the adhesion 
l>etwcen the pulley surface and the Iwlt, and enables 
the necessary ‘‘ grip ” to l>e obtained. But this 
method is only a palliation, and su far from being 
a cure of the evil, it lasts but for a comparatively 
short iinic ellicienl. The resin i.s >o al)sorbed by the 
leatlier, and is so aetocl ujx)n by the running of the 
pulleys, that the inner surface oi the bolt gets so 
smooth that the slip is worse than before. And if 
the palliative is fi-equeiitly ap[died, the resin 
gathers on the surface of the pulley, so that 
lumps here and there are formed oi\ it, to such 
an extent fiometiines that we have seen a pulley 
surface so dotted all over with little lumps or 
hills of ooncreti‘d resin that the diameter of the 
pulley WMXH considerably altered, being made, so to 
B*iy, larger. In place of rijsiii, piudi is sometimes 
used; but this is worse- certainly a much more 
uncleanly remedy than the resin. Of such adhesive 
compounds the best we have heard of is printer’s 
ink ; this is said to be thoroughly ofticiont, although 
we have never tried it. Another gi'etit disadvantage 
of the method of increasing tlie ‘‘ grip ” of belts by 
the use of rosin or pitch is that being absorbed by 
the leather, it seems to have the efToct of dcistroying 
its integrity, causing the belts to get brittle and 
liable to quick deterioration. We should be in- 
clined to think that the printer’s ink, above named, 
would not have this effect upon the leather, but 
rather, if anything, in the direction of improving 
it. Failing these palliatives, or expedients, effi- 
cient only for time, the method of preventing 


is not required to be maintained in very precise smd 
exact roktioii, or the transmission of tlie power 
precisely regulated, still in cases where thes<^ ai*e 
rcMiuired to be kept up and maintained in detinite 
proportions, it is olaious tluit the use of wood for 
forming the suriaces of pulleys must be very limited ; 
and this limitation is still further increased by the 
fact that it can only bo employed in the c-tm of 
large pulleys; the difficulty of fixing it to sinull 
ones boiiig practioaliy so great that they are quite 
excluded from consideration. 

In presonee of the ditliculties of employing the 
methods now named it is satisfactory to know that a 
material much more easily adixptcd to pulley suvfuvc.s 
than wood is obtained in leather. The grip, or the 
coefficient of friction of leather upon leuthev is much 
greiitcr and higher than that of leather upon iron, in 
th« proportion of 1 ^ to or 1 *25 to 0*25- -wliicli gives 
fLv« times th© grip when leather running upon leather 
is used as et)mpHrod with that, as in ordinary cases, 
where the leather (belt) runs upon iron. The Icuthev, 
moreover, being so lithe, is obviously t*Mpnl)le of being 
bent round and easily applied to the face of the 
pulley as no building-up orpiecsingis re(iuii*ed-for 
many pulleys one length, giving one iohit, being 
applicable. The application of tlie leather length is 
very simple, the glue used to attach it to tlie surface 
of the ii-on being easily prepared, it being of the 
same kind so largely employed in cotton factories 
for covering the rollers of spinning machines. The 
surface of the leather on its pulley side may be kept 
rough, which aJao greatly increases the by HiT«r.lv 
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using any salt solution, or a solution of alum. Anoilier 
great adviintago of this leiither-covered pulley system 
is that tho deterioration of tho leather itself is not 
eauHed by it, which is the caso in long running of a 
belt running on iron pulley surfaces. In j)roceBs of 
lime small particles of iron arc? rubbed ort' by the 
belt, and these get worked gradually into its interior; 
and llie iron, with the tannic acid and fatty or greasy 
acids present in the belt, set up chemical action, wliieh 
has a powerful deteriorating action upon it. Still 
further, an advantage obtained by the use of loallier 
covering to tho pulley is this, —that the grip being 
greater tlian in tho ordinary surface, the belts can be 
run mueli slacker tlian when tho ordinary method is 
employed. This of itself is a very great saving of 
the b(,‘lt, as tla^ tight working so often roquirctl is not 
iiecessai'v, and the lower the degree of tension jilaced 
upon the fibres of the leather the longer will the belt 
last, \Ve could cite several instances where by the 
ado])tion of Ihe loatlier-covered pulleys much more 
regular running of inaeliinery lias been obtainiMl, and 
by consequence a higher quality in the work done. 
It is not always easy to estimate tin* precise gain 
obiuined, or tho woi'king value of an improved method 
of working ; but a lai*ge number of exjxirimcnts 
would seem to put that of leather-covered pulleys 
compared with ordinary surface pulleys at. 33 per 
cent. Wo liave by no means exhausted .all the points 
connected with the subject of the pulley in belt 
gearing, so that w’e shall return to it in a future note. 

66. ** Harmo&y in Colour.’’ 

An enthusiastic musician was once descanting on 
the ** beauty of discords," a j^hmse whudi to the 
listener, wdio made no pretensions to a knowledge of 
the intrieotnes of musical scionee, seemed to be but 
a contradiction in terms, Hoinewliat equivalent in 
truthfulness to what we might (jail tlie harmony of 
inharmonious sounds, Be this as it may, it may be 
safely remarked tliat there is no such thing in tho 
colouring of !Natureas discords. No matter wdiat may 
be tho A-aricty of coloui-s she displays, no matter how 
striking, and even, as in many cases — especially in 
tropioal countries, as foi‘ example in tlio forests of 
South America — starring the contiasts she oflTor's for 
onr inspection, she never ofTends; in everytliing there 
is that exquisite balance to which we can give no 
more expressive name than that of harmony. And 
of how much in the way of variety of colours, of tone 
and tint, Nature throws abi-oad with lavish and loving 
hand, even in such a limited surface as a modciute- 
sized, w'eathor'-heaten, moss-stained, lichen-lined rock, 
or a patch of seaweed, or, for the matter of that, in 
a yard oi* two of a much-despised hedgetow bottom 
in country lane or field, it is given, and only, to 
observant lovers of nature to know* The failure to 
hit upon a like harmony of colour in ornamental 
decorative work is the cause of so many ** designs," 


which may be otherwise good in concejition as to 
form, and even arrangement of parts, turning out, not 
merely negiitively bad, but positively painfu’. To the 
educated eye which can OAjilain the reason why of such 
failur-cs, tliey ai’e highly oftensive, and oven to those 
who are not trained in this direction, while they 
cannot explain how it is, they are nevertheless 
fully alive to tho unpleasant effect produced by their 
inspection of such defective work. What may be 
called ihe theory of colour in its technical or educa- 
tional sense the reader -will find explained and illus- 
tmted by coloured examples, which can alone convey 
what is nu^unt, in the paper in the tcjxt under the 
title of Form and Colour as applied to Tndustrial 
Decoration." Mcuanwhile, the object of tho prc!s<»nt 
note will bo served if w^e gi \'0 hero a few “contrasts 
in colour,” its formulated by an authority on this 
d(‘piirlmcnt of industrial art design, which will give 
that harmonitms arrangement wlihdi, m,s he well 
observes, is to the eye like a “ sweet chord of music 
to Uie sense ” ; — (1) Black and warm green ; (*2) lilack 
and wai’iu brown ; (3) blue (deep) and golden brown; 
(4) blue (deep) and pink ; (6) Idiio (deep) and maroon ; 
(6) blue (bi'iglit) and ohoeolate ; (7) green (warm) 
and maroon; (8) green (pea,) and chocolate ; (0) green 
(pale) and violet j (10) red (deep) and grey ; (11) biifl 
and claret; (12) rose (light( .‘ind violet. (Wee notes and 
illustrations on what are called tlio ** coinpleiuentary 
colours ” in tlie pay)er in the text last referred to*) 

67. Tho Freaervation of Iron Burfacos. 

The gi'oat readiness with whajh the surface of iron 
b(Jcomes (mted wildi “ rust,” and tho strengt h and 
beauty of iron structures diminished, renders it a matter' 
well worthy of thoi'ough investigation to devise some 
plan of making iron proof against oxygenation. I’he 
most usual method adopted is to cover the entire 
suiface of the metal with some such paint as red 
lead, so as to exeindo entirely the atmosphei’o and 
water with their oxidising action. Tlie great objection 
to this ex]>edient is that the paint itself, whatever it 
may be, is not lasting; sooner or later it i.s acted 
upon by air and moisture, and comes otf. The result 
is that the paint has to be renewed period i(ially, and 
this means trouble ami expense. Another mc^thod for 
pi'otecting iron from the action of air and water is to 
coat it with some other metal of a less oxidisable 
ntttui*e than iron ; zinc and tin are the metals usually 
employed; the latter forms “galvanised iron,” and 
the former “tin plate.” Although this plan is in 
many respects preferable to that of paint, the groat 
defect about it is that neither zinc nor tin are very 
durable metals; besides, they cannot be used very 
extensively, and when galvauLsod plate iron requires 
to be’ cut — i.e.f after being galvanised — the edges 
present the unprotected metal. The BarfT (better 
known now as the Bower-Barff) process of treating 
iron to render it rustless is free from each of these 
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oljjeotionH, and in now exbenifdvely omployed. In a 
future “note” wo treat this important subject 
at some lengtlu 

58. Steel Usking by the Baiio Open-Hearth Frooeii. 

Thoflo of our readers interested in steel nninufacture 
will }>e aware of the dillicnilty of obtaining soft or 
mild steel of great purity by the ordinary Bessemer or 
“ acjid ” process, or by the Siemens or Hieniens-Martin 
process; especially is this true in the iiase of using 
certain pig irons containing much phosphorus. The 
reader interested in the subject, but not acquainted with 
the principles upon which these processes are carried 
out — and the “ basit; ” process of Messrs. Tliomas and 
GiUdirist, which promises gi‘oatly to alter, as is tlie 
opinion of some to revolutionise, certain departments 
of the ii-on and steel trade — will find full information 
respecting them in the papers in the text entitled 
respectively the “ Iron ” and the “ Steel ” Maker. The 
following pi-ocess has recently V)een tried by the Farnloy 
Iron Company, near Leeds, and with satisfacjiory 
results. The furnace was prepai*ed for the process in 
the following manner. The lime basin of the funiace 
was first laid witli good magnesia bricks, carefully 
made for the purpose from magnesite, containing 98 
per cent, of magnesium (jarbonate. Above these were 
built a layer of bauxite bricks, specially inado from 
bauxite containing 15 per cent, silica, 82 per cent, 
alumina, 1 per cent, lime, and 2 percent, ferric oxide. 
On the top of the bauxite l)ricks were laid the silica 
bricks, The fui-nace was provided with an arrange- 
ment wliereby the slag, frequently containing a portion 
of the phosphorus contained in the charge, formed 
during the early stages of the process, could be 
readily removed. Wlien the furnace was ready for tho 
cliargo a (pmntity of well burnt lime, e(puvl to about 
one-twentioth to one-tenth part of the weiglit of tho 
pig iron, was lai<l on the bottom of the furnace. Tho 
pig iron was then added, find iron or steel scraps 
cliargetl on tho top of tho pig. After some four hours’ 
combustion tho shig was tapped oft‘; in six hours the 
entire charge had melted, and more slag was biken 
off. AVhen tho mass was at thi.s stage of tho process 
too fluid, somo lime was added ; and an addition of ore 
was made when the quantity of .scrap iron or steel in 
the charge was small. The lluid being now sampled 
and found satisfaotoiy, the slag was removed and about 
5 per coni, of liamiatito pig added, wliich had, as 
soon os molted, the oUbot of causing the metal in the 
bath to boil for about fifteen miiiuto-*. This ebullition 
thoroughly agitated the fluid, and a further elimina- 
tion of phosphorus took place. When half an hour 
had elapsed a further quantity of slag was removed 
—in fact, all the slag now collected wtvs taken out, 
except as much as served to cover the tt)p and pi'otecfc 
the molten metal from chilling 'uhen ladling into the 
costing moulds. . Tho furi:.''.re being emptied of its 
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contents, the small (Quantity of slag which reached 
the bottom was removed, and tho bottom repaired 
with magnesia-lime. The soft steel ohbiiiied in the 
Faimley iron Company trials was of very Hue quality, 
and tho process pi’oniiscs to ho a siu^cess. 

59. Economy in Fuel Coniumption in Indnitrial ProooBsei. 
Coal may be used as fuel in three difibrent forms — 
namely, in the raw state as coulf as ooke^ and as f/as. 
Each has its advantages ; hut of the three ft)rms the 
first, i,e. in tho raw states, is tho most expensive and 
wasteful, luHiause all the volatile constituents of the 
fuel, and therefore the most valuable part, are ahnost 
entirely lost, being allowed to cs<iap(s with tho smoko — 
which latter umst also be considertul as >vaste, as smoko 
consists largely of unburnt coal or soot. Not only 
when niw coal is employed directly as fuel are most 
of the volatile constituents lo.«it, but also in the manu- 
facture of cokfi by heating coal, the gases tht'veby 
evolved ai'e, strangely unscientific as it is, allowed to 
escape. As at the present time about eighty millions 
of tons of niw coal are consunuxl in this country, 
three-quartei's of which might liave its volatile con- 
stituents saved, it is calculated that over 7,250,000 
repre.-enbs the comriiercial value of tho volatile con- 
stituents waKsted. Tlecent reseandi has done much 
towards saving this enormous national waste. WheJi 
coal is distilled the residue in tlie retort is almost pure 
carbon or coke ; t}ii.s form of fuel being siwcially 
manufactured for use in the irori and other industries, 
for which it is better suited than raw coal. Now, 
except in a few instances where rnodorn prot tosses of 
recovery have been adopted, the volatile constituents 
of the whole of the 20,000,000 tons of coal annually 
coked in this country are allowed to escape into the 
air. Several pi’oetesses, more or loss siutcessful, have 
been adopted for tlie recovciy of tlie whole of these 
valuable products ; eliiefiy by the use of close ovens in 
coking. We need only i*efftr hero to the exceedingly 
simple method generally known as tho Jameson process, 
which may be adopted without ropliming the old <*oking 
ovens, but eimply slightly altering them— tJio altera- 
tions costing from XI 5 to X20 ]>cr oven. In the floor 
of the common coke oven are inserted two porfoiuted 
iron pipes connected with an t‘xlaiuster, or the briek 
floors of the coke ovens themselves ai-e perforated, 
and the perforations (lonnocted with an exhauster, lor 
applying a slight 8uctio7i. When suction is applied 
through the main pipe eonnoctod with those perfora- 
tions, tlie gases and volatile constituents given ofi,' 
from the coal during coking are continually but gently 
draum off at the moment they are evolved. Tlie 
d'rawn-oflT gases now pass througli the main into a 
cmidmseTj which consists simply of a series of cast- 
iron pipes exposed to tho cooling action either of 
w.'iter or of the atmosphere, and tho pipes in some 
ca es provided internally witli a stream of clean water 
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for waKliiiig tlio gustfs. Tlie j^uaoti ai'ti*r passing 
thoo coinloijs<'r,'), bcifijL,' now free fi-om thoir 
con(l(ins.‘i,))hM-onHiiln(fnls, iin>s llivoii^'li ilie clutmber 
th(! rov(jIvjiig fivn or oxhausUir, and may 
lio laid avvnv anil usfd oillior for ''onorat-ing tho stoam 
usod in working thu fan, or la? to ay otliern 

}Mirpo.M; Tin* lifjnid obtained from the 

('<»ii<lonsi*rK is run into tunks and allowe<l to Ktand for 
Mimo time, to allow iJiu onido oil and animonnKfal 
li<]Uor to arrange themselves intc) t w<» disliintt liquors, 
wlienee they jnay I)e sejjarat(M|, Jn a future note ” 
\va will fiirtJwr tnuit this suhjoat. 

BO. Fact! and Fi^rurei oonnooted with Vantilation of Boomi. 

(ff>) Tho mimhov of in^pivniiouH and ro.^pimt 
or **hivathH” as they are j>o]aiJ/i]‘Jy calJod, may ho 
estiiiiatiod at twenty poj* minute as a iiiaAimuin, at 
Hixtmi ns II mimimim. (b) Tho volume or quantity' 
expelled at each roHpiration fiom tho Jungs may bo 
taken as foi'ty (jubic inches for a inaximiun, an<l 
thirty as a minimum. As it is safer to give a wide 
margin in practice^ the maximum volume may be 
taken which gives twenty-oiglit oubh? feet of air ex- 
pelled from tlie lungs per hour. This would require 
a like volume of fresli or pure air to take its place. 
(c) Pure or fresh air, as it is generally called, con- 
sists of oxygen, which is equaJ to onc-fifth of any 
given volume, and of iiitrogen, which occupies the 
remaining foiir-fifths of the volume— lows some *04 
pei* cent, of carbonic acid, On being expelled from 
tho lungs, the chemical changes taking phu^e in- 
crease the amount of carbonic Jicdd gas, whicdi our 
readers are aware is a poisonous gas that destroys 
life, to 4T) per cent, (r/) Of tho gases constituting 
pure or fresh air, inlialed by or <]ravvn into the 
lungs at each inspiration, and which are contained 
in, say the minimum cubic bulk of 488*16 cubic 
inches, it has been calculated that of oxygen there 
is inhaled 97*59 cubic inches; of nitrogen, S90'37, 
and of carbonic acid, 0*19. When exhaled or ex- 
pelled from the lungs— respired — the volumes arc 
changed respectively thusj oxygen, 77*19; nitrogen, 
the same; carbonic acid, 20*59. (e) But the car- 
bonic acid gas formed by the act of breathing is 
not, as in the early days of sanitary science was 
thought, the only cause of the deterioration of air, 
rendering it unfitted for being broat))ed over again. 
For along with the air thus vitiated, as above, there 
is a certain amount of moisture exhaled from tho 
lungs, tliis amounting to as much as will saturate 
seven pounds of air at 62“ Falir. ; and allowing half 
saturation only to be can-ied out, this will require 187 
cubic feet of air to be allowed for, which, added to 
the 28 cubic feet previously stated, taking the 
maximum in (J), gives 215 cubic feet of air, which 


requires to l)C* chiingcd, in an inhabited room, eaeli 
h')ur. (/) But in addition to tlio mere cliemirul 
vilijitioii, HO railed, of the air by l»rr‘athing, and by 
tlie molstui-(! wJiicjh air eontains, it oaij'ies with it 
organic matt or f)f a highly odbnsivc and dangerous 
kind, tending .still ftirlher to render the air iiiqmre, 
(//) Again, the air \iliated by gas or candh^s must 
be allowed for; so that at least 400 cubic feet of air 
j»er lanir must be changed pei* head, 

61, Dttta for eitimating th« Ffl«diiig Value of Farm Produoe 
for Live Btook. 

W'hiJc authorities agree tliat iis a gtuiei'sd rule the 
f<»oding viilue of farm juxahico is indicattal by the 
pojxvntnge of the cojjstituent.s named in tlie column 
marked (1) in tJie iaide given holow, pnictk'ul men 
arc aware that there are \’a[*ious circumstances 
connected Jiot ojily with the foods themselves on 
wliich the live sto(*k arc fed, hut with the 'iinimals 
themselves, and the conditions under which tliey are 
kept, wliitdi oxer(;ise a modifying influence on wha.t 
may bo called the theorefcicial or eheinical value of tho 
food. While, therefore, the 6osh-forming, otliorwi.se 
called tho albuminous, protoin, or nitrogenous cou- 
stituentfl, are first looked to, in estiniating tlie value 
of any given food (the higlicr tlie poicontage of those, 
the higher- -other things being equal— its fcfcding 
value), still tho other constituonis must be considered 
as well, also tho conditions under Avhicli tho animals 
are, and how tlu>y are fed. What the various points 
to be considered by the cattle feeder, the reader will 
find as fully discussed as their importance demands 
in the text in tho series of pjvpcrs entitled ‘*The 
(Irazicr* and (,7attlo Br'oedcr." Tho numbers in the 
column.^ in this table now to. bo given, noting the 
con.slituents of that important sotrlion of cattle foods 
known as “ roots," indicate as follows : (1) flesli-forming 
or albuminous or iiitrogonous constituents; (2) non- 
nitrogenous, sometimes known as carbonaceous con- 
stituents, heat-giving or fat-producing; (3) water; 
(4) woody fil,)ro ; (5) asli or iucombustiblo constituents, 
— the first, second, and fourth classe.s of constituents 
being know*n as combustible or capable of being 
consumed. 
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Nimio of Root. 

(I) 

(2) 

(3) 

(4) 

(&) 

SwcHiiflh lurni|)A , . 

1*44 

1 

rr9}i 

80*40 

2 *">4 

0-038 

"Wliito CJIokc do. . . 

1*14 

s-un 

DO-'iS 

1*02 

1*02 

Mangold wurtzol . . 

l*5t 

8*«U 

87-78 

M2 

0-90 

lioct root . , . . * 

1*00 

14 -00 

81*5 

1*3 

0*8 

Kolil rabi , . , , 

1*6 

7*3 

87*0 

M 

1*0 

Potatoes 

2*0 

lire 

7f)*0 

1*3 

0*0 

Jcrnsalcni artieliokos 

2*0 

13-8 

80-0 

1*3 

1*1 

Carrots 

1*5 

7*4 

8fi*0 

1*7 

1*0 

Parsiiipt; 

1*6 

7*24 

88*3 

1*1 

0*7 
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(18) In Note No. 12, wliile considoring the eubject 
of steam raising/’ the ^^evaporation or boiling of 
water,” we gave a brief gin nee at tlie loading physical 
or mechanical charuoteriAtics of water, tlie agent 
by which, in conjunction with heat, the producer 
of fuel (H)mbustion (see Note 14), steam is raised, 
and which liquid, used as it is in a vast variety of 
industrial processes in which heat is employed, gives 
to the boiling or evaporation even a wider interest 
and a more extended practical value than if it wet^e 
confined to the department of industrial work known 
as the raising of steam for motive-power purposes. 
The points, however, which we now pr<x:eed to place 
before our readers vn the general subject will apply 
equally well to the practicso of boiling or evaporating 
in general industrial work, and to steam engine boiler 
practice in the raising of steam. At the end of 
par. 11 we descril>ed the operation of boiling as the 
creation of mechanical force or power. To such of 
our young readers as may have a difficulty to realise 
at first sight the fact that this is so, moi^e than one 
simple experiment will easily be within tlieir reac.h to 
give them ocular dentonstration of the fact. Take a 
new and clean tin pan, such as that for boiling eggs 
— it can be bought for a penny at one of those “cheap 
shops ” met with nearly everywhere— fill it with cold 
water within a quarter of an inch of the edge j place 
within it a few small pith balls, or few grains of some 
light-coloured substance wliich floats easily. Place 
the pan thus prepared on a trivet liooked on to the 
front bar of the grate, so that the heat of the fire 
will strike the inner and one side only of the paxi. 
In a few minutes — more or less according to the lieat 
of the fire and the quantity of water in the pan— 
a number of clear, shining, hemispherical globules 
will be seen lining the clear, shining bottom of the 
tin pan. .After a little while the pith balls or floating 
substances will be seen to begin to move, and gradually 
assume a gyrating or circular movement round the 
water, approaching the heated side next the fire, and 
as the heat increases repelled from this part, and 
again resuming thoir circular motion round the water. 
Now, as will l»e seen from the pai)er in the text, “The 
Student’s Introduction to the Principles of Mechanics,” 
it is an established axiom in physics that there can 
be no motion without force. Now, that there is 
motion in the water is made clear to the eye by the 
movement of the pith balls ; and as there was no 
movement of these when the pan was awny from the 
fire and at rest, for this began only when placed within 


the influence of the fire, it must liave iK'en tlio hoai 
of the lattiT which caused the motion. If the pan 
were withdrawn from the lire, as tho water gradually 
cooled the motion would gradually tho forco 

being withdrawn, Wliile tlie water iu tho pan was 
gradually getting hotter, it would bo noticed that- tbo 
spacio it occupied waw increased, for it would 
observed that it liad “ swelled out ” m as nearly to 
fill up the pan. This was duo to a vepxiUion \)Otwoou 
the particles of the water caused by the heat, while 
the bright, clear, shining soini-glubules at tho liottoin 
of the pan would he detached fi“om it, idte upwards, 
and, darting to tho surface, break throng}) this as 
bubbles of air. Take now tho pan from off the trivet, 
and place it in a hot part of the fire. Tlio heat 
attacking, so to say, the wliole surface of tho bottom 
of the pan, and passing up the sides all round, the 
water will l)Ogin to take up the incremouts of heat so 
rapidly that ebullition or boiling will commeiKJe, with 
a violent agitation of the water ; the steam bubbles 
rising i-apidly and bursting through tho water surface. 
That this ebullition is accompanied with force will be 
made evident if the outer eml of the pan handle be 
toucliod with the finger, a series of shocks being felt. 
And should the pan be very nicely Inilancod on tho 
coals, the motion induced by tlie £ 01*06 will 1)0 mani- 
festod by the pan vibrating or slinking ; and this may 
be so pronounood that one bump more forcible than 
another may shake it from its seat. Those “ bumps ’ 
or shocks generally aceompjinying constraincl boiling, 
in which the vapour has difticulty in rising throiigli and 
escaping from the w'ater, are well known to laboratory 
experimenters, and the gieat object in boiling on tbo 
large scale is to make ebullition as free as possible, so 
that the vapour can escape easily from iJie water, 
thus avoiiiing tlie bumps and slioiks, whicli represent 
just so much loss of economical })oiling. ItetJcnt dis- 
coveries have explained the true nature of boiling, 
and a theory is liased upon theiri wliich leads to a 
practice which will revolutionise the art of killing 
and evaporation, which form so important a part of 
industrial work, not the least valuable department 
lieing that of steam raising. What the new theory is 
will be explained in a succeeding note, preliminary to 
which we have ^ explain phenomena connected with 
boiling not yet glanced at. 

(19) In a preceding note on “ Fool jiiid its com- 
bustion” we have said that “combustion” simply 
defined is tbo combination of the oxygon, one of the 
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(X)n«tituontR of the orrlinury nir or atmosphere, with 
tlio oooHtitneiits of the fuel under the influence of 
liont. But the nir iinist iiscdf be heated to the 
toiiipeniiure Kuite<l for the ftiel before tlie combination 
in effoeted and whnt is called combuHtioii takes place; 
tlie temperature for com,! Iwitisy, on the average, fil?® P, 
^any KiTnj)le exporimentH will show the influence 
air heated l^o a liigh temperature in promoting 
comhuKtion, and in f-oine instariceK creating it, as many 
niiiKt lia,ve observed that a conibustible sutistance will 
take fire and lairst iitto a Idaze, through lieing simply 
(‘xjtosed to tlie influentto of air heated to a high 
tciiiperature. It is not therefore necjossary, as is 
I)(»pularly suppf)s<’d, tlmt a lighted body — that is, a 
<?om)»uKtihle in such activi^ combustion as to produce 
llaine — should 1 m^ omjdoyed hof ore another coiiibiwtible 
(iin 1 h‘ on fire, kindl(‘d, or put into a, condition of 
coinbiistiom It is only a matter of convenience that 
sotting fir(‘ to a comhustilde in the first instance is 
odected by means of anotlier comhustiblo in a state 
of flynm. And as combustildcs, of wdiich there is 
an execodingly wide range, liave difleront “kindling 
])oIiit-s/* (b» coin an exja'ossion,) or punts at which 
th (7 will start into flaim* on tlie application of heat, 
and as some ve(juire hut a low temperature, these 
substances are used as kindling matt'rials in order to 
Hiart i\\v c(fmbustion of fuel whicli d(unands a com- 
paratively high fcmjienitiiK^ b<d‘ore the combustion of 
oxygon with if s constituents will create what is called 
combustion in more familial' terms, sot it on fire. 
The beavier and deiisiu' or more solid and lieavy Ibo 
natural or normal condition of a cainl>uHtil)le used 
as a fiu'l is foi- a. wid(‘ rang(‘ of substances are 
combustible wbicb are not classed ns fuels — the more 
ditlicult it is to set on fiio. Light and porous 
combust ibh‘ substances, ju’Ohcnting large surfaces in 
propiU'iion to their weight, are therefore used as 
fire kindlers in (udinnry W('rk, and tliese are met 
with in pai)er and small pii>ces of woo<h In tlie 
kindling of a common kitcluui Are all the points 
connwUnl with fu<d and its combustion are familiarly 
illustrated, In Ibis tlu* combustibles are placed in 
the grate in tl’e f(»llowing order: first the pap'r, 
alK)ve this the pieces of w'oo<l, and finally as the top 
layer the coals. The paiKu* having a high punt or 
order of “ ready inflammability,” so to call it, roepnres 
hut few increnuuits of heiit — k) low a temiierature to 
make it combine witli tlie oxygen to create (*ombustion 
tliai the application for a second or tw’o of a lighted 
match sutliccs to set it on fire. The heat increments 
thus created aie in turn suftieient to mise the teni- 
jierature of the w(shI and oxygen required to set the 
]u(vCs on lire, and tliis in turn creatre a tem}>erature 
suflioieully Idgh to effect the tHunhination In^tw’een 
the const it\uu\ts of the coal and the oxygen of the air 
entering the tire grate till thecenl is at last set fire 


to. We say “ at last,” for the combination requisite 
to create perfect combustion is not immediate, ixor 
indeed in practice oven very rapid. Time in all casos 
is required; the fuel demands, so to say, a kind of 
preparation l>efore good and efficient heat-giving com- 
bustion is secured — w^hat a high pra«!tical authority 
terms a sp‘cies of cooking. 

(20) Under the head of “Cements ” (see Nos. 9 and 
10) we give the motli(Kl of making the celebrated cement 
known as “ white Tiussian glue.” One hundred parts 
of the finest glue are melted in the same quantity 
of water under the influence of a gentle heat long 
continued rather than of one of greater terof^eratnro 
for a short/(*r time, as this latter would evaporate the 
water before it di<l its office of melting — a practical 
point often noglectt'd in the melting or softening of 
gluf^s and gums. Then tx) tlie melted glue add five 
or six parts of nitiitf acid, known os aquafortis 
jiopiilarly ; and when this is added, stir carefully and 
thoroughly into the mixture six puts of powdered 
sul]>hat<^ of lead, 

(21 ) Under the same head we give a notf* on liquid 
glues. These glues are pissessed <f this advantage, 
tliat tlioy do not “ set ” or harden wdien tliey become 
<!ol(l ; c(m8(»<juently they enn be used at once without 
lieing health -a gi‘eat o(mvcnien<'e in working. The 
principle upon which liipnd glues are made is the 
emjdoyment of some aend liquid, such ns nitric ncid 
or acetic acid, ai>plied cold; or for the latter stsong 
good vinegar, if more conveniently had, may lie 
subalitnted, but this is applieil hot in melting the 
glue for tlie first time, The office the acid fulfils is 
in dissolving tlie gelatine in the glue and imjiarting <o 
it tlie property of remaining in solution, and this with- 
out destroying or even lessening its ailhesive or stick- 
fast (junlit.y. There are various ways of making liquid 
glue. One is this; A convenient weight of the best 
glue is dissi lve<l under the action of boat in an equal 
weight of strong vinegar; or a le>s proportion of acetic 
acid or very strong aciil, with which many s(K?alle<l 
vinegars for domestic purpises are made, w’ithout, it 
m^'d scarcely be said, however, the fine flavour of 
vinegar mud<* from malt or fruit. When the glue is 
disstdved, add a fourth part of the weight of the glue 
of spirits of wine, together with a small portion of 
alum crushed into piwder. This glue, which is highly 
spiken of, should 1^ kept in closely corked Isittles in 
jaiv. In all cements the basis of which is glue or 
gum arabic the liest results can only be obtained by, 
in the first instance, melting the glue or gum under 
the influence of heat gently applied. The melting is 
not only done more ijuickly, hut its adhesive “ stick- 
fast ” qualities are better developed than when cold 
melting or dissolving is resorted to for the saving of 
trouble. 
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OHAPTEE II. 

Ilie Oroii Ssotion or Lattral Vorm of a Road BiirfAoo,^R^iial 
])iitrlliatioii of tho Load in a Oarrlago. 

After haTiug determined upon the direction and 
breadth of a road, the next matter for the considera- 
tion of a road maker is the lateral form of the sui'face 
of the road he is about to construct. In road making, 
ss in every other undertaking, of the many modes of 
doing it we see practised, there can but be om right way. 
All others must of necessity be wrong ^ as there can be 
only one way of securing perfection, if that be ever at- 
tained. A r(^ cannot be too flat and level in the lateral 
fom of its surface, for the reasons about to be adduced. 
It is only upon a surface that is laterally flat and level 
that wheel-carriages can sustain an equal portion of 
the load on the wlmU on each side\ and hence it is 
that the sides of roads of considerable lateral convexity 
of surface are as much as passible avoided, and the 
crown of the convexity being the only part of the 
surface on which the wheels can have an equal 
bearing on each side, it is there that a road is exposed 
to undue traffic, and is soonest worn. 

Btabilitj of Loaded Carriage! afll^oted by tbe Cron Beotlon 
or Lateral Barfaoei of Roadi.— Conditioai favourable to 
an Ovortum. 

The centre of gravity, or point of concentration 
of the weight of a carriage and its load, is displaced 
an equal distance from each side when the carriage 
is travelling upon a laterally inclined surface; and 
hence the tendency of the carriage to overturn to the 
lower side. The danger is increased first by the greater 
the velocity of the motion of the carriage; second, by the 
greater the height of the centre of gravity of the load 
from the ground; third, by the smaller the distance 
between tbe bearing of the wheels ; and fourth, by the 
actual shifting of a loose load to the lower side, A 
vehicle at rest containing a solid mass, as a single 
block of stone or metal, the carriage being perfectly 
hard in its construction, and having a wide bearing 
between its wheels on each side, may stand, it is true, 
upon a very considerable lateral declivity without 
d^ger of overturning. But let the carriage be elastic 
in ite construction, have considerable velocity of motion 
with a loose or shifting load, then its going across 
a very trifling declivity will be attended with danger 
of its overturning; and the danger will be increased 
with every increase of the conditions above mentioned 
as favourable to an overturn, or as it may otherwise be 
put, unfavourable to stability. 

In a body at rest upon an inclined plane, so long as 
a vertical line passing through its centre of gravity 
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meets the surface of the plane within the base of the 
body, the body will not fall over without some force 
being exerted against it. When the vertical line 
passing through the centre of gravity meets the plane* 
at the extremity of the base of the body, the body 
will then be in equilihrio between standing and falling. 
And when the vertical line passing through the centre 
of gravity meets the plane b^ond the base of the 
body, the body cannot stand, but will fall over with- 
out any force being exerted against it to overturn it. 
The degree of lateral declivity on which oairiages 
may stand at rest, or oven move at a moderate 
velocity with safety, may be calculated with accuracy 
by a rule which will be hereafter given ; but in the case 
of carriages moving at a great speed, and under the 
other conditions already named as being favourable to 
an overturn, it is difficult, from the uncertain nature 
of the causes, to make duo allowance for their influence 
08 regat‘ds unsafety. It is, thorefoie, most important 
that great lateral convexity in the form of roads should 
be scrupulously avoided, (For the various points con- 
nected with the ** centre of gravity " and tho stability 
of structures, the reader is referred to the papers 
given under the hoad of The Technical Workman 
as a Student of the Principlos of Mechanics.*’) 

Flat and Bound or Convex Burfsoo Boadi. 
notwithstanding the cogent, and at the same time 
obvious roasons adduced for tho lateral form of the 
surface of roads being flat, yet an uimeciessary and 
dangerous convexity seems to be the general rule in 
road making. The only reason of any degree of 
plausibility advanced for the pnictice is that this con- 
vexity keeps tho surface dry, and thereby the better 
keeps tbe rood longer in repair. If, however, the 
water which renders the roads wet were clean, a very 
trifling degree of convexity would be sufficient to allow 
it to run off a road. But it happens that the cause 
of wetness of roads, in most cases, is thick mud, in 
which scarcely any degree of practuiuble convexity will 
produce motion. Bo far from tlie end expected being 
attained, the means taken is, perhaps, of all others 
that might be adopted, not only the least likely to be 
successful, but most calculated to defeat the purpose 
Intended. 

i^ By reason of great convexity in tho kteral form 
of surface of a road, an undue portion of the traffic 
upon it is brought on to its crown for the reason 
above stated, by which that portion of the breadth 
is rapidly worn into longitudinal ruts for holding 
water, to the utter destruction of the road. When 
traffic comes on to tbe sides of a road tbe injury 
is always much more extensive on an inclined plane 
than on a level surface with the same amount of 
traffic, from an undue portion of the loads being 
thrown on the wheels on one side of the vehicles, 
instead of tbe whole load being equally distributed 

as 
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on the wheels on both sides, and the .whole of the 
traiiio being distributed over the whole breadth of 
the road, which it would be were the surface laterally 
level* 

No tenable reason whatever can be adduced for any 
toad having a greater convexity than a rise of six 
inches at the crown in a breadth of thirty feet, giving 
the sides a gradient of 1 in 30 ; and so in proportion 
for any other breadth. This would be sufficient to 
prevent a road from wearing hollow, and not so great 
as to be the occasion of the evils pointed out ; amongst 
which the danger arising from over-convexity is so 
^ great and of such importance, that no advantage — 
either real or imaginary— can compensate for this 
form, if used* 

To find the point on a laterally-inclined form of 
road, at which a vertical line passing through the 
centre of gravity of a loaded carriage will meet the 
surface. — Divide the height of the centre of gravity 
from the surface of the road by the gradient, or 
distance lequiied for a height of 1 of the incline, 



and the quotient will be the^ distance from the mid- 
distance between the wheels on each side of the 
carriage to the point at which the vertical line passing 
through the centre of gravity will meet the surface 
of the road. 

The foregoing rule of computation will be better 
understood by inspection of the diagram above, repre- 
senting the transverse section of a loaded carriage on 
an incline of the lateral form of the surface of a 
toad, in which a 6, fig. 2, is the horizon, a c the incline 
of the surface, d and e the wheels at each side of the 
carriage, /the mid-distance between the wheels, ^ the 
centre of gravity of the carriage imd its load, / ff 
the height of the centre of gravity above the surface 
of the road, p h the vertical line passing through the 
centre of gravity, A the point at which such line 
meets the incline of the surface of the road, and A/ 
its distance from the mid-distance between the wheels* 

\^ilst A./ is less than / (f, the carriage, whilst 
at rest or moving with a moderate velocity, will not 
overturn without some force being exerted against it : 


but the nearer the point A approaches to< d, the letts^ . 
will be the force required to upset the carriage* 

fh» Portion of tho Load homo by.tho'Whools on ^thor lido of 

a Oarriagi travSlling on a LatorsUy-inolinod Eoad 
is reciprocally as the distances d A and A o, and may 
he found by multiplying the whole load by the* 
distance A e, the product of which divided by the' 
distance d o, the quotient will be the portion of 
the load sustained by the lower wheel d, and the 
remainder on the weight sustained by the wheel d 
subtracted from the whole load will be the weight 
home on the wheel e on the higher level of the incline*. 
The following are examples of the above : — 

ilequired the distance from mid-distance between 
the wheels of a carriage, the height of the centre of 
gravity of which and its load is 6 feet from the surface' 
of a road inclined laterally at the rate of 1 in 9, that 
a vertical line passing through the centre of gravity 
will meet the surface of the road. 

The quotient of 6 feet, the height of the centre of 
gravity, divided by 9, the gradient of the incline of 
the road, is *6' or 8 inches, the distance from the mid- 
distance between the wheels towards the wheel on the' 
lower level of the incline* 

What portion of a load of SO owt,, including the' 
weiglit of a cart, will the wheel on the lower level of 
incline of the gradient as in the last example have to 
sustain, the distance between the wheels being 4 feet 
6 inches, and the height of the centre of gravity 
being 6 feet ? 

Half of 4 feet 6 inches is 2 feet 3 inches, the sum 
of which added to 8 inches, the result of the last 
example, and which is the distance e A, fig. 2, is 2 feet 
11 inches. The product, 30 cwt., multiplied by 2 feet 
11 inches, or 2‘916', is 87'fi, and this divided by 4 feet 
6 inches, or 4*5, is 17'2 owt,, the portion of the load 
borne by the wheel on the lower level of the incline,, 
leaving 12 '7 owt. to be sustained by the wheel on the' 
higher level of the incline. 

ths Oeaitraetioa of Boads : thsir Proper Perm or Cross fioetion. 

When treating of the proper lateral form of the* 
surface of a road when finish^, the necessity of such 
surface being nearly fiat was pointed out ; and it was 
stated that a rise of six inches at the crown of a road: 
thirty feet in breadth would be amply sud^cieut to 
prevent its becoming hollow, and that no danger would 
arise from such convexity. But as it may be necessary 
for the covering of a rood to be somewhat stronger in. 
the middle than at the sides, the form of the surfaces 
of the soil should not have quite the same amount of 
convexity as the road when completed with its covering*. 
A convexity produced by a rise of four and a half inchea 
at the crown, for a road thirty feet in breadth,, will' 
therefore be sufficient previously to the covering being: 
upon it. 
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THE FABMBR AS A TEOSNICAI WOBKMAV. 

HiB Tools, Iscplbmsnts, Maobines axd Matebi^ls. 

—The Peikoiples of his Wobk ih its Vaeiohb 

Bepaetmehtb. 

CHAPIEK IL 

We oonoluded the preceding chapter by stating that 
to Bid the farm labourer to rise in the exercise of his 
flAlling to steadily improving positions, every social 
and educational help was placed within his reach. 
And this may be said with all confidence ; for facts 
go to prove it, no matter what assertions which are 
not facts may be brought forward to the contrary. 
But on this point we feel assured that our readers 
will be at one with us. In concluding these intro- 
ductory remarks, which ore intended to convey, as we 
believe they do, truths and principles of action of prac- 
tical value to our readers, we trust that in what we 
are to present to them bearing on essential points— 
the technical work of farming, — ^they will find some- 
thing which, applied to the work of its daily life, will 
tend somewhat to help them in securing its success. 

Brief Glsaes at the Bpseial Featurei of Farming— Iti Belation 

to General Boienee. 

Before entering into a duly arranged and detailed 
statement of the various points of the subject, wo 
shall, as introductory to this and as tending to show 
the relationship subsisting between the various de- 
partments of farming, take a brief glance at the 
subject as a whole. In this glance or general 
we shall frequently use the term science,” the science 
of agriculture or of fanning j and this more on the 
score of convenience, seeing that it has become an 
established phrase, than from the fact that it sets aside 
the expression “technical work,” which we have 
hitherto used. It does not set it aside; it on the 
oontraiy rather endorses or enforces it ; for tracing 
terms to their source, and arriving at the ultimate 
result, we find that to he— what it has been defined 
in the papers on “The Workman as a Technical 
Student ” to be — work, technical work, to be done, 
showing that our title in no sense degrades farming as 
a work to be done. In so far separating, as some may 
think it does separate it, from what claims to be a 
sdenoe, we have had occasion to remark that if the 
practical work of farming is distinguished by any one 
thing in particular, it is so from the intimate rela- 
tion which science bears to it. It may indeed be said 
with perfect truth that there exists no branch of 
those industries which have contributed, and still 
contribute, so much to the well-being and the social 
prosperity of the people, which has received greater 
aid from a number of sciences than has fanning. So 
mflrlruH, indeed, has this been during at least the last 
half -century, and so decided in character has been the 
ooonection between the farm and the study of the 


scientific man, that farming can lay a most certain claim 
to be considered a science as well as art, using here the 
popular term, and as carrying the popular acceptation 
—a calling in which something must be known as well 
as that which has to be done ; daily displaying some 
new developments, and adding, and likely more and 
more to add, to the mateiial resources of the nation in 
the all-important, because essential, department of the 
production of foods of various kinds. It is not that 
this marvellous improvement has taken place because 
the principles of the art have been changed ; these, 
being founded on natural laws which are unvarying in 
their operation, are not found to vary themselves. It 
is rather in the application of new methods of working, 
and in the adaptation of a wide range of meohanioal 
appliances and materials, which no one thought at one 
time at all applicable to an art that for so long was 
considered independent of all such aids as farming was 
deemed to be. To trace the causes which brought 
about the peculiar circumstances in the material 
aspects of farming that mode these new appliances of 
value, or of their being so modified as to give them a, 
chance of being easily applied ; to point out the moc'i^ 
fying influences of soil, climate, and locality, and to 
show how those necessitated a diiTerence in one place 
from the pi'ootioe which characterised that of another 
< — a difierence which has greatly puszled many not 
acquainted with^the inner developments of farming— 
and to show how one improvement in the cultural 
department necessitated and brought about a change 
or improvement in the materials and appliances by 
which this department was aided ; and lastly, to place 
before the reader a fairly exhaustive and assuredly a 
trustworthy photograph — if such a term be allowable, 
—showing the latest stage at which fanning has 
arrived, is the task we have set before us, and is the 
theme which will occupy these pages of the present 
series of chapters. 

In proceeding with our remarks, it will be essential 
for those of our readers who are here assumed to have 
but little knowledge of the subject, to point out one 
feature which distinguishes it from nearly every other 
art or science which makes up that wide work of 
farming which we have already referred to, adding so 
largely to the material worth and social influence of 
our country. The point here alluded to is one very 
frequently overlooked hy practical men connected with 
farming, so that those not immediately concerned in 
it may well be excused for ignorance of it* It may be 
simply stated thus. 

Faming not a Fixed BeieBes-^Fraetios Modified by Tarious 
Oirottmetaaeoi, raeli as Fariotiot of Soils. 

Faming is not a fixed sdenoe, with its elements 
influenced by and subjected to a law, or set of laws, 
unvarying in their operation, which can be oaloulated 
on, and from which certain xesulte of given prooessea 
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can be predicted with more or leet diatinodye accuracy* 
On the oontiaty, farming— or agrioolture^ to use the 
more popular and perhaps more elegant term— is a 
science which deals with materials of an exceedingly 
varied and constantly varying kind^ and which are. 
subjected to and influenced by elements which th e m* 
selves possess the same characteristics of doubt and 
uncertainty. To use a mathematical phrase, farming 
as a science has very frequently to '*deal with unknown 
quantities.*' 8he has not only to deal, for example, 
with certain substances, as seeds and manures, which 
under certain conditions yield certain results, but 
which under other conditions and oircumstanoes yield 
results of a totally difl[brent character. And those 
substances, moreover, are frequently placed in oon- 
junotion with other substances, which themselves have 
their like varying oharacteristioa, and are possessed of 
like influences ; and the conjunction of those differing 
and different substances brings about certain results 
which differ or may differ materially from those 
brought about when one set only of substances is 
used in the like conditions. Again, the farmer, as in 
the case of the feeding and rearing of animals, has 
to do with life ; and the peculiarities of this — ^which, 
as they vary with humanity, vary also in animals — 
and the way in which these peculiarities act with and 
upon and counteract the influence of foods— or 
as foods only — give rise to the most complicated 
problems, which are not all as yet, if indeed 
they ever may be, solved. The veiy soil in which 
the farmer works varies so much, not merely showing 
different oharaoteristics — as for example physical or 
mechanical — in different districts \ but in the same 
districts, where uniformity in the soil might pre« 
sumably be fairly expected, this uniformity is not to 
met with. But more and still more puzzling in its 
effects to the farmer who has to deal with them, the 
soil even in the same field is not always uniform in its 
constituents, — far indeed from that. The practical 
outcome, then, of this particular condition of matters is 
that different soils demand difibrent styles of treat- 
ment or methods of working, and these in turn differ- 
ences in the details, if not in the principles — although 
sometimes even in these — of construction of the 
mechanical appliances used, and this often to such an 
extent that a much wider variety of them is required 
than would on first thoughts be deemed necessary. 

Chanxiag and Puttliag Oirenmstaaesi ssnasetsd with Soils, 
Xanarti, sad Setdi, as modifying the Praotioo and in- 
flaoaoiiig tho-Besnlts of Vanaiag. 

But this variety in the methods of working the 
soil and in the appliances used in oonnection with 
them is not the otdy point which makes the practice 
of agriculture so markedly different from other 
branches of industry. There are other points still to 
be noticed. The soils, aa we have seen, differing 


in constitution, not only demand different modes of 
mechanical treatment in order to prepare them for 
the reception of the seed and its after fruotifleation, 
but those differences bring about effects which are 
at all times more or less troublesome, and, from the 
uncertainty connected with them, a variety of circum- 
stances which are often extremely puzzling to the 
farmer, disabling him, so to say, .from judging of 
the actual results of his operations. Thus, take the 
application of manures to land, to which we have 
already made the briefest of references. Presuming 
that the soil hag been analysed and its constituents 
known — what it contains of those fertilising or other- 
wise, and in what it is deficient ; and further, thati the 
like knowledge is had of the seeds to be sown, their 
constituents, and what of the soil they withdraw 
from it, and how much of these, — one might fairly 
predicate that all these elements being known, certain 
results would be obtained. But while upon the whole 
certain manurial agents are knowrn to produce 
certain cultural effects, these effects are exceedingly 
various in oharacteristioa and proportions. Nay, 
more : the manure which upon the same soil, with 
the same seed, and — as far as human labour can be 
said to be at all times uniform, depending as it does 
upon the varying capabilities and determination of an 
individual— with the same kind of labour and treat- 
ment bestowed upon it, gives in one season certain 
results, does not in another give these in anything 
like the same proportion. But further, and still more 
puzzling and difficult to bo accounted for, the results 
of one season are almost precisely opposite to those 
of another, although the ciroumsianoes of both have 
been, as far as one could judge, precisely of the same 
kind. And in addition to those circumstances con- 
nected with soils and seeds, and the action of manures 
upon both, there comes into play the operation of 
climate, locality, as i^gards exposure' to certain winds, 
drought, or excess of moisture, and the like, — all of 
whidh, acting in ways for which if there be laws we 
know little or nothing of them, tend still further to 
throw round all agricultural operations such elements 
of doubt and uncertainty that the result of any 
experiment, or of the working of one season, cannot 
be positively accepted as a guide to or an index of what 
will be the result of tliose of another. That they 
are often taken to be such is true enough, but just so 
often as they are thoughtlessly taken to be guides— 
or what may be termed rules or laws— just so often 
is disappointment at results likely to arise. And, 
indeed, it is forgetfulnaps of the circumstances we 
have now alluded to which brings not merely dis- 
appointment to many farmers, wi^ all their concur- 
rent losses, but tends moreover to bring the whole 
work of farming into disrepute with the general 
public as a mere collection of confused risks* 
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:!bb Djwailb of Hi8 Wobk— The . Pbiboipleb of its 
Pbooebseb— Tee Qualities Am Chaeacteexatios of 
ITS Peodoots. • 

OHAPTBB II, 

ifflnltlon of tho Tom «< Stool ’’^PraottoBl ImportULoo of 
Abouroto Doflnitioni of ToolmioAl Xstoiioli ond Work 

(oowtlnued'). 

Jr the ooncluoion of the last chapter we stated 
inder this head that the new metal was introduced 
o the trade as ** steel.” It maj indeed be said with 
3erfect accuracy, that had the new product been 
ntroduced to the trade by some other name, it would 
lave taken a quicker hold of the mechanical mind, 
^at that other name, in the opinions of scientific 
nen, should have been, we shall hereafter briefly 
glance at. Let not the reader suppose that the mere 
name is a matter of no practical importance. On the 
contrary, a distinct name is essential for practical 
purposes, and for merely scientific purposes precise 
definition is no less so. We do not go into this further 
here, then, than by simply stating what is given by 
one authority engaged doily in the extensive manu* 
faoture of the new metal, and who also knows 
practically its uses, and who says that *Hhe application 
of the term ^ steel ’ to the newer classes of this metal 
waa indeed unfortunate so far as makers were con- 
cerned, and has contributed not a little to the many 
difilculties they have experienced in the conduct of 
their business,” and what has offered difficulties to the 
makers has also — althoujrh ditferent in degree and 
kind-coffered them to the users of the metals. It 
may be said that a definition of the new steel has 
been arrived at — one, moreover, which is by the consent 
of many engineers and mechanics accepted as correct. 
And it is also a simple one, the name meaning a metal, 
an alloy of iron which can be oast or moulded into a 
form to w'hich the name of ingot is attached ; this 
alloy or metal boing malleable and capable of being 
rolled, hammered, or pressed into any shape or size 
desired. More restricted in terms, steel is defined 
to be that alloy of iron produced in a fused state by 
the ** Bessemer ” or “ open-hearth ” process of manu- 
facture. But this apparently only removes the 
difficulty to a farther though more precise point than 
that hitherto arrived at ; it does not get rid of it. 
We say apparently, for although quite ready to grant 
that this new product of new methods of manufacture 
is a new metal — which, indeed, even if they had a 
mind to, they cannot wall deny — not a few of our 
most practical men are by no means disposed to admit 
that, although it is a new metal, it is steeL 

Vkat ii Steel 1— Ysrleue Fraetieal Points involved in the 
Answer or Attempted Answer. 

So curiously involved is the question, indeed, that, 
nzumlarly enough, such practical authorities cannot 


assume this position, any more than their opponents 
can prove the accuracy ^ the above-named definition 
without doing the same thing. For both are com- 
pelled to put the old question, which, as yet at all 
events, revolves upon a bentre, and like the curved line 
of a circle returns perpetually to itself, so that the 
same point is ever being reached, and this old question 
is just What is steel 1 If this new metal, the product 
of the melting process of the Bessemer converter, or 
of the open hearth, be, as it is said to be, a steel, is it 
a true steel, and is steel a metal which can be hardened 
and tempered and be made oaptible of producing a 
keen cutting edge) Hitherto a metal, the alloy of 
iron, which possesses these properties, has been by 
universal consensus defined as steel. But if so, then 
beyond all question the ** mild steels ” — another defi- 
nition, by the way — produced by the Bessemer and 
open-hearth processes are not steel. For, as those 
practical men point out whom we have above alluded 
to as those who cannot accept the definition of steel 
we have above named .as correct, it is a thoroughly 
difficult thing to say if those so-called mild steels 
are not in reality only superior wrought ii’on. Again 
and again has the statement been made by practical 
men, at the meetings of practical men, and made 
without contradiction — without any sign, indeed, that 
confutfition was necessitated or could reasonably bo 
made — that it was a veiy difficult thing indeed for 
even an export in our constructive metals to say with 
precision, of two given metals, which was iron and 
which was steel. It is almost impossible to read a 
paper, or to listen to a discussion of even the most 
recent outcome of experience, without getting clear 
evidence of tlie fact that tho whole subject bristles, 
BO to say, with difficulties; giving rise to an almost 
endless variety of opinions, and showing the existence 
of points of difficulty so obscure, that all tliat is at 
present left for practical men to do, is to be content 
with conjectures and surmises, some of them tho 
crudest and most undigested. And this eminently 
unsatisfactory condition is likely to remain so, at least 
for a time, till we learn more — and wo are every day 
learning more and more — about ilje processes of manu- 
facture carried out. For certain truths have been 
discussed, and certain conjectures proved almost to 
demonstration to be correct; still a limit must be 
placed to actual investigation — which alone can be 
productive of precise and definite results — when that 
is to be made within the interior of a blast furnace 
or a Bessemer converter. It is, indeed, one of the 
great advantages yielded by the open-hearth pixxjess, 
the great rival of at least the latter, that it affords 
facilities for watching the progress and for repeatedly 
testing the results of any process of metal manu- 
facture carried on by its aid ; although it is only right 
to state that, so far as affc^ing facilities for testing 
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the reeulte a.t any time during the actual caiiying 
out of the proceas, or “blow” as it is termed in 
Bessemer st^ works, the Bessemer process has 
claimed for it a value at least quite eqaal to the 
open-health process. But as regards the faoili^ fo^r 
watchingr the actualities of the process throughout, 
the reader who knows the features of both processes 
^which will be duly described hereafter— will, we 
think, give the precedence of position to that of the 
open hearth. . 

farther Miotkel OeatWe i p^ toe a seeaesti^ with the Ja^M 

departments in chaptm yet to 
fellow, and whi^ have also the dosest bearing upon 
this tmportaat question, What is steel t would it not 
seem a better ^y to arrive at its determination in some 
mode different from that attempted t The point is well 
worthy of earnest consideration, for the question is 
not mei'ely one of theoretical value, its determination . 
not only one of business convenience, but, as all 
scientific men well know, the answer to the question 
involves points of the greatest soientifio importanoe, 
bearing in the closest way upon practical work. 
Would it not, then, be well to decide upon a double 
definition, so to call it, which will embrace the two 
metals, or rather distinctly separate them and keep 
them apart 1 The two names seem to be already at 
hand. Let “steel” be only and always applied to 
that metal or alloy of iron which has hitherto been 
known by this title, and which alone has the dis- 
tinctive ^oracteristics of being able to be hardened 
and tempered— obaraoteristios which, till within recent 
times, have been universally accepted as those only 
of the metal or alloy of iron popularly or generally 
called steel. On the other hand, let the new metal, 
the product of these processes— of which the Bessemer 
converter and the open hearth are the representative, 
if they be not, as indeed they practically are, the only 
two methods by which this alloy of iron can be cast 
into moulds 6r ingots, and afterwards pressed or rolled 
or hammered— have its own distinctive name. As we 
have said, the name is already at hand, and is in- 
deed extensively if not universally used — “ingot steel.” 
Or if another distinctive characteristic be considered 
the best basis for a new name to the new metal, take 
the proposal of Sir Joseph Whitworth, and let all 
metals poMBeesing a tensile strength Mmo a certain 
agreed-upon point be called irons— all metals possess- 
ing a tensile strength above it be called steds. The 
name ingot sted is perhaps the simpler of the two; 
at all events it oarries with it no inherent difiScult j. 


as it is already accepted as defining a certain product, 
and does not, at least it has not yet acted, as an 
incentive to that combative faculty which engineers 
and medumics, if they have, as we believe they have, 
lees of in soientifio and practical points than the 
members of other profeasiona, are certainly not alto- 
gether deficient in. For this combative faculty would be 
arouaed— has already, indeed, been so — the attempt , 
to agree upoii the point what i$ the line of 
strength which below it would i^use a metal to be ^ 
defined M “iron," but if dwve it w^mld give 
th^imiae of^ / 

*odt of the dMtoiJty here dM fid eu oo 

sq^gested^l^ iomt^txiodifiim 

tionof its dbtinoriye ohareoter 
seems that the state of moertainty which ohii^^ ^ 
the question as it now stands is not to the credit Of . 
engineers and mechanics, assuredly not worthy of the 
sdenoe of metallurgy^HB science which of late years, 
in absolutdy revolutionisitig the manufacture of iron 
(usmg the term in its broadest acceptation as embracing 
all its alloys)' has increased to an enormous extent the 
resources ^ constnictlcm. 

OUrsctsiiitiM of the OM Foraii of Hotel to whioh the Vsmo 
Sted hM boon uivontlly aooordid. 

But what has been here said of the definition of 
steel, for the reasons we have stated- that is, in regard 
to the relation whioh mechanics have* to the new 
metals for which, as we have seen, many claim the 
title of steel— baa had no q>ecially direct reference 
to that form of iron or alloy of iron which, pre- 
vious to the introduction of the new metals, was 
alone known by the designation of steel. The only 
reference to this, the old-fashioned steel, which has as 
yet been made, is that it is a metal which is capable of 
being hardened and tempered, and when so treated is 
capable of taking a fine cutting edge. But it will be 
perceived that this definition, if so it can be called in 
a truly scientific sense, refers only to the capabilities 
of the metal at one time known, and only known, as 
steel It tells us what can be done with it, how it 
behaves, so to say, with certain treatment ; but it does 
not define what steel is considered as a combined body, . 
or whether indeed it is a combined body. It is lite 
the position we are in on being told that there is a 
oert^ amount or sum of monqr, but not told — what 
in point of fact, for one reason or another, we wish to 
know— of what or how it is made up. Kow, this 
precise definition of what steel really is, is one which 
carries with it much of great practicd importance^ in- 
volved in the manufacture ct iron or steel, or of both; 
for both are concerned, as we shall presently see, in the 
making of steel in the ordinazy way. 



THJS TUGHNICAL STUDJESrS INTItOWOTION TO MMCHAmCS. 


306 


TEE lECEKICAL SIUDEET'S HTTEOSTTCIIOV kis mind \vould pi'obably be so perplexedi if an in- 
TO THE QESfEBAL FBINOXPLES OF experienced electrical practician, that he would be 

HECEANIOS. the worse, and none the better, for the study. And 

LAWi ArraoTiN^i Katubal Phbkouena— Matibr aits this applies, & we have endeavoured to show, to all 

Motion. abstruse and, as a rule, purely metaphysical theories, 

opinions, or “ conjectures " concerning /ercs. The 

OHAFTEE V* last term here used, ** conjectures," is possibly the 

'Wa stated at the end of last paragraph in preceding best to designate those positively useless inquiries 
‘ 4ia^r that it is with the ** ntanifeBtations ” of that into a region of which we are never likdy to know 
/^^soinethlng" to whi(di tbo naxhe of"** loroe" is given anything. And the inductive philosopher never deals <i 

the mechanic haft 4? jt ha has a^^^grinding wi&, oonj^ures as if thsy were facts; and jt is to ^ 

[}■ stone" to torhi his aie or his ^^^ind^otive philoaophy" or soieneef with its faebi, and 

V: ' - to the grtadi^'' ito facte alone, that we owe aQ those btillisiift ^ - ^ 

tV stohVwithi ^ the axe or dbif^l he htui bb- praot^ 

taihMhe hMgot the which he wished help in every bxanSh of industrial Vork. IVue, the 

' i JLndf however mu^ he might gratify his intellectual inductive scientist or philosopher must deal wito ^ ^ 

jdde by sa^»n^ that he had discovered what t^^ conjectures— -for it is a conjecture of his imagining ' 1|‘ 

Was, .Or that he had dlearly traced it to its origin, his that such or such a thing may exist which leads him to f 

«common sense wquld tell him that ^ven of what he try to find oujb whether this does exist or not. Here, 
said he knew did exist, its existence and the know- as in numerous other oases, light is thrown upon the 
ledge of what it was would not help him onevwhit in word we have here used by looking at its root or 
turning his grindstone and sharpening therewith his derivation, “ Conjeotuie," then, we find to be derived 
.axe or his chisel. And, if he heard a brother mechanic, from two Latin words--con, with, and jaoere, to 
who had been turning a lathe mandrel by the force throw ; so that a conjecture is literally throwing 
-o^ his foot and leg, say that he had discovered what together" a number of things. The word “sumise" is 
that force was, and could trace it to its origin, but on often used as synonymous with this term conjecture, 

^m paring notes found that his brother mechanic’s and is derived dii*ectly from the old Px'cnch verb 
discovery (so called) was the very opposite of his surmiWer, to suggest, end this from swr, upon, and 
.own — we may conclude that his common sense would meWre, to place j so that a surmise as to what force 
also in such a case tell him that it would be in every is, for example, is the placing of things or thoughts 
way the most practical thing to do to let all those one upon another, as conjecture is the throwing of 
’abstruse searches after knowing what we may from them together to form a single thought or subject, 
past experience shrewdly suspect will never be known. But hero let the reader carefully note this distinction 
.alone, and confine himself to his applications of this or point, for it lies at the root of all our progress in 
force, whatever it is or may bo, in the doing of his mechanical work, Wlulo with the inductive philoso- 
daily work. pher conjecture is allowed to go no farther than the 

Tht Itanifeitatiotti of, and tko AppUoatioai of 7oroo to hit point above named, he doals only with facts, and if 

Praotioal Work, tko OUef Oonoon of iho Meohaid«. he cannot get facts to support his first conjecture he 

This, to take an analogous cose, is what the electric never thinks of putting it forward as a thing to be 
telegraph engineer does. He knows nothing — abac- believed simply because he says it is, or is induced 
lately nothing— of what electiitpity is ; it apparently to Vsslieve it himself. Facts, and facts only, ore to be 
ifi present in every substance, but how it is so and dealt with in his work. Some particular course of 
Jiow it is created — in brief, what it is — he knows, as investigation may be taken up by him as originating 
we have said, nothing. But this does not trouble him ; in a ** conjecture " that ct^rtoin things in (jonnection 
he takes it as it is, knows how to excite or bring with it exist or are likely to ejost, But he must 

it out of bodies, and makes it do all the varied never assert — and the true man of science or inductive 

4 ind marvellous work of which we all know. The philosopher never does assert— that these do exist till 
most elaborately detailed and the most abstruse he has proved their existence, The very term ** in- 
theories trying to show and prove what electricity is duotive," derived from the Intin word iTwfuoere, to 
would not, however closely he studied them, help him lead into (tn- and (luco, I lead), Indicates that we 
'One whit in his practical work. No more would the must go completely into a subject or coutm of inves- 

photographer be helped in his practical work, who tigation before decided opinions concerning it m 

deals with light— as to what U is no two adentifle given forth, or dogmatic assertions m^e about it. 

men are agreed— who bothered his brain with all And going Into a subject, not beating 

of theories oonoeming it. And if those outside, is the only way to get at the faffts of what 

theories as to what electricity is were contradictoi 7 , it is. A sailor, however nearly he approached, could 
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certainly not be said to have practically arrived <U 
the harbour — hie point of destination — till he had 
got mto it. The owners of his vessel would have to 
wait long enough for the goods it carried if he kept 
** beating on and off'’ outside of it. Those consider* 
ations are of the utmost importance to the young 
mechanic desirous, as the saying is, of bettering 
himself” in his profession; and they have the closest 
bearing upon the matter now under consideration 
in relation to certain definitions in the science 
of mechanics. The sooner, therefore, the youthful 
student gets hold of this the better; namely, that 
force, like this motion which it produces, is a some- 
thing-“if not actually tangible, is practically some- 
thing — an ** entity,” a thing in existence which lie 
can, paradoxical as the expression is, lay hold of 
and bend to the purposes of the work he has to do. 
The word entity ” hei^ given is much used in 
scientific disquisitions. It is derived from the Latin 
en», entist a ** being,” a thing which has an existence 
or a being. 

Tvthtr Praetioal Ooailderatioai souiMttd'wlth Vme and 
^ its DiflaitLoaf. 

^ Leaving this, the region of perplexing and un- 
satief^story theories, and ehtering^that of^/W, he will 
be on safe ground, in which he will find enough to 
help him in hie daily work. If he strike his hand 
against a wall, or in chipping misses the chisel and 
peels the skin or fiesh from off his thumb with the 
hammer face, he has painful evidence enough of what 
** force ” can do ; just as a mate with whom he is at 
“outs” would have, if he knocked him down; and 
he has no doubts at all about “force” being a thing 
which he oan use, or, as in the latter case, abuse, nor 
is at all troubled by fine-spun theories, which would 
make it out to be some abstraction of the brain — 
some “ airy nothing.” But while in the cases above 
named, and in an infinite variety of ways coming up 
perpetually in evexy-day life, seeing that force exists 
as a something, or what may be called here a practical 
power, capable of being exercised or brought to bear 
by himself personally upon objects external to himself, 
he will have no difiiculty in perceiving this other fact, 
— that “ force ” ax a practical a thing which 

exists, and which, by the effects it produces or the 
work it does, oan be estimated or measured, is ohiefiy, 
in the practical puiposes of mechanical work of all 
kinds, obtained from, so to say, or exeroised by things 
or objects other than ourselves. What the sources of 
force, or, to use the common expression, power, are, 
we shall have special occasion to note hereafter. 
Force or power, like electricity, may be supposed to be 
latent in certain things or objects — lying waiting, so 
to say, to be called forth for some useful purpose; and 
just as electricity is excited to manifest itself, so may 
certain objecte or things be excited to give forth their 


force to act upon other objects or things external 
to them. How this is done we shall have occasion 
hereafter to point out. But like electricity, which,, 
although we know that it is present in bodies in 
an insubstantial, or, as we say, latent form, so in 
the case of force we can only become awiire of its 
existence by its effect, or what it does. Now, of those 
efifects of force, the one which is most apparent,, 
because it is the one which is most frequently dis- 
played, is that of “ motion.” And it will be per- 
ceived — if the student will refer to the definitions of 
“ force ” in a preceding paragraph — that this effect is 
the one named as produced by the cause of force, 
whatever per »e it is. So universal, or, rather we 
should say, so general, is this manifestation of what 
force effects in the way of producing motion< — and so 
generally also, in consequence thereof, is this rela- 
tion entertained — that some maintain that force can 
only be actually.and pi*actically known to us by the 
movement of bodies, or it oan to us only exist when 
it produces motion. In other words^ they say that' 
there is no force when there is no mori^* 

ioms OMu Msr attoM ooimceM with the iMt-named BeflalUen 
of Force— ^resinre. 

How greatly this last-named view^whioh is, how- 
ever, hrid by many, and some eminent, authorities 
-implicates what, when viewed in the prudent, 
common-iense way noticed in a preceding paragraph,, 
is a comparatively simple matter, n^s scarcely 
to be said. The plan of our papers precludes our 
entering upon an explanation of this, for it would 
possess little practical value to the re^er ; but it is 
indeed only necessary to state that it is not true that 
force can only be manifested or made known to us 
when motion is pioduoed. The statement of somo 
just noticed, that there can be no force existent 
unless motion be produced, is wrong, for it takes no 
account of “pressure,” which is just. as much an 
effect of force as motion; and it is just because its 
manifestation is so seldom witnessed with the fre- 
quent, the almost continuous manifestation of it, in 
the way of motion, that it is so little thought oL 
And a very important lesson may be learnt by the^ 
reader of the value of looking at all sides of a subject, 
from the fact that there are those who maintain 
theories which can only be correct if facts of daily 
existence do not exist— paradoxically so to put it.. 
Now, pressure is a fact, as well as motion : a fact which 
can any day be painfully proved* A finger happens^ 
to be placed in the space between the door-cheek and 
the edge of the door-style, and some one closes the 
door ; that in so closing it some one is exerciging force, 
or causing it to be manifested, his common sense tells 
him, and tells him that its effects are felt, and sorely 
too, npon his finger, upon whidi there is pressure 
enough— more than he cares for— but in . which there is 
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no motion. He only, in such a oaRe, wishes there were, 

80 that he could move it out of ita painful position ; 
or had been, so that he could have moved it, and in 
time to y>revent the pressure. No doubt it may be 
said that, in the case of goods pressed under the 
powerful influence of an hydraulic press, there is 
motion in the movement of the particles or atoms of 
the body or substance of the goods pressed. It may 
also be said that compression ” cannot exist without 
movement— the teim, derived from the Latin words 
coTiy with, and prmere, to press, including a 
bringing together of the constituent parts of the 
body within narrower limits — that is, each one being 
brought or taken nearer to its neighbour. But there 
is no motion in the goods as a whole, considered as a 
parcel or package or a single mass or body, anymore 
than there is movement in the linger which has 
been caught between the style and cheek of a door 
afterwards closed^ though there has been a movement 
or a squeezing together of the fibres of the flesh. 
The victim would, as we have said, have been only 
too glad had there been motion, in the sense that the 
finger had been moved out of the way before the 
pressure was put on, or the force ” applied which 
produced the pressure. Pressure and force, although 
frequently used as such, the student will perceive are 
not i^onymous terms, strictly speaking, for pressure 
is a product of force just as motion is— and motion, or 
the amount of it, is not, as some say, force itself, any 
more than pressure is. 

Anothar Tam fraiitiaiitly appllad in oonnaotlon with Foroa. 

^Energy. 

Thew is another term, or word, very frequently 
met with in mechanical works and dissertations — 
namely, “ energy,” which is frequently considered to 
be synonymous with “ force.” The terms, no doubt, 
are closely connected, but are far from meaning the 
same thing. Take, for example, the force which exists 
or dwells in the human body, or which that body is 
capable of exerting. IJV^e know that this is capable of 
being exerted withili the limits of a wide range — from 
the force exerted in wiping away a tear or brushing 
aside a fly, to lifting a drowning neighbour from a 
stream. We would counsel the young I’eader, at this 
stage of his progress, not to enter into any speculation 
of his own, or to read much of the speculations of 
others, as to what this force is, or how it exists 
in his body. He will thus be spared the trouble 
of leading himself into the holding of some strange 
metaphysical and bewildering notions. Let him, 
on the contrary, at least for the present, take the 
common-sense view of the matter, and be content, 
as well he may be, with the fact — which is a 
fact, metaphysiofd writers to the contrary notwith- 
standing — that this force does exist, and that he is 
capable of using it as a distinct entity, or a something, 
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exactly as he uses anything material which he pos- 
sesses, such as money, of which he may spend much 
or little, just as his mind or will determines. And 
common sense tells him thnt this view is correct, and 
practically the only one woiih a msh to him in his 
daily life. And fuitber, that, as in the case of 
money here supposed, he can expend, give out, or 
manifest as little of the foi'ce his body possesses as 
he chooses, or as much of it, and if necessary to its 
full range. And whore this human force is so put out, 
or developed, wo sometimes use a term by which 
designate it, and this we call “energy.” When this 
term is employed, what is meant by it is well known 
to the majority of us, it being only to the thoroughly 
uneducated that its meaning is obsinu-e, although 
often not even to thorn. When we say that a man is 
devoting all his energy to any piece of mechanical 
work or bodily labour, we know, and in other words 
say, he is putting all his force to it. A man in 
cleaving wo^ with an axe may dreamily and languidly 
go through the work, and may take many sti’okes to 
cleave a ringle piece; and when we say that he is 
<<mergetio” we use a term the meaning of which is 
well known to us, and which is, in fact, only sayiog 
in another way that he is not putting out his full 
force. But if, on the contrary, we see that with one 
vigorous stroke he cleaves the wood, we say that he 
is energetic, which simply means the converse, or 
opposite of the above ; and we know at once that he 
is energetic — some would say forcible. 

In common and familiar language, when we see a 
Twn.n thus energetic, if we cannot say that ho is work- 
ing vigorously, and apparently doing liis “ work ” well, 
we know at least that he is trying to do it to tlie Ijcst 
of his ability. Tlie moaning of the term “ energy,” 
which it is essential that the youthful student of 
mechanics should understand, may be made clearer 
if we look at the derivation of the word ; and a veiy 
curious point is raised by this, which is by no means 
generally or widely known. The word is derived from 
the Greek word energoSf and this again froxn two 
words, en end ergon. This last word, ergmi^ means, 
in the Greek language, “ work.” An<l hero comes 
the suggestive point. This word ergon is itself 
derived from, or has its root in, the word ar^ 
which means to “ plough ’—which opoiutioxi was 
deemed, in the early days, to be synonymous with 
the phrase “ to work,” as if ploughing were then the 
one essential work which had perforce to bo done, if 
work of any other kind was to be kept up. For man 
had then, as he has now, to eat in order to work. 
Now, plougliing, especially in first turning over lands 
wlrich hod been left in their natural condition— and 
this change would incroaiie as civilisation increased — 
is work in the doing of which “ force ” is required, and 
which, however obtained, is always essential. 
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TES BTHAM EEGin USEB. 

TBB BIFFIBEKT OlABBES of EnOINES USEO OBIBFLT FOB 
llBNUFACITUBlirO ▲»& AGBlOtTLTnBAL PUBFOBBS.— TeI 
Leadieo Dstaxu of Steam BEaxNEB— OoNSTBUortYB 

ABO OPEBATITJL^THEXB PBAOTICAL WOBElUrO AKD 

Eoobomioal Mabaobmebt. 

CHAPTER II. 

At tho md of the preceding chapter we be^ a pai^ 
graph on the value of the indicator in apkaerteining 
, the true character of the wo^Ung' of aieb^^ 

V' eiatbg'that hot "pet 

'^hut:]iti^ ; 

W thep^ the foliowing 

[ a seiiei of paragra^ preaented to ' 

their notioe, lliey will embody not merely a general 
4efloriptlon of the ordinary, br what may be called the 
initial or elementary form of the apparatus, but of 
some of the many improved varieties whioh are mo|re 
or less largely used^ The principle of its, operation 
will be glanced at, the method of applying and using it 
described, and the ** indications or Vagrams whieh 
it gives explained* The modes in use of calculating or 
ascertaining the value of the ** diagram will also be 
deaoribed, and practical notes aa to reading off the 
hints whioh they give as to the character of the work 
which was being done and the power given off by 
the engine at the time when the diagrams were taken. 
'The steam engine indicator is not of recent inven- 
tion. It is aa old as the modem steam engine itself, 
for Watt applied it to his great invention. Though 
as old, then, as the steam engine, its use was however 
for long almost unknown to the users of steam engines, 
except in rare instances. During the past thirty 
years it has gradually gained admission, as one of the 
necessary helps and appliances, among those connected 
with steam engines* Therefore there is no intention 
to claim, for any one class or in any one district, 
originality in respect to its daily or frequent use, in 
the paragraphs following. It is admitted, by those 
who possess a general knowledge of its workings, to 
be indispensable to all who employ steam power* 
Though known to every engineer who has had oppor- 
tunities of attending to steam engines, yet still it will 
be found that a large number are yet in comparative 
ignorance of its usefulness. This ignorance still exists 
in the minds of many-^perhaps mainly from the neots- 
sity of having plain instructions given them ae to its 
use and the simplicity of calculating its diagrams or 
indications. A oorrect idea of the value of the steam 
engine indicator by the user of a steam engine would 
at once cause him to place a high value upon it, as a 
valuable index to him as to what power he was actually 
receiving from the combustion or consumption of a 
certain weight of fual. The working of a steam engine 


aa to its interior may bo compared to that of the inte- 
rior of the human frame. Its power-giving parts are 
hidden from the eye, and thus the true working of 
these, their real faoti^ are concealed. The mediotil man, 
in order to ascertain certain conditions of his patient’s 
health, makeS' use of on instrument to test what is 
the ooni^tion ^ the breathing functions before he 
v^tuxes to praioribo for any maUuly or illness ooh- 
neoted with thexm , The patient oi<n often give such 
m exxsount of the pori^on of hit i^es tbat^ 

mo^oMtely ocuti^cbtt^ wlmt is, cause ; 

and bnee Ibnbwikg tb imxmve it, ; 

But in other ceees be cannotjlbiibwmg oniy In a ^exnf ; 
way that he is un^eU, or; as tbe popnW ^rase is, 

** out of sorts.'* Without some means of asceiiainiOg 
inteinal actions which indicate the s)^ptoms of the , 
complaint, the physician would be g^erally at a loss 
to know how to prescribe. But by using the stetho- 
scope" in the particular class of complaints alluded to, 
he can tell, through long experience in listening to 
the sounds which the organs give out in the breathing 
of the patient, whioh are conveyed to his trained ear 
by the instrument, with marvellous accuracy what is 
the condition of those organs. For a healthy sound 
has its own peculiarities, just as has a diseased one. 
And what the stethoscope is to the surgeon, so the 
‘Mndicator" is to the engineer in enabling him to 
ascertain the internal working of the steam engine 
employed as a prime mover to give out pt>wer, In 
the case of the steam engine the only information it 
can give is that of irregular motion, or that of a 
larger consumption of fuel when it is out of order 
than is necessary to be consumed. Many engine usei‘s, 
and ** tenters " oa they are called, have been dismissed 
from their work through ignorance of the state of 
the working parts (those which cannot be seen). Had 
the attendant employed a steam engine indicator, and 
had the knowledge whioh is reciuired in its use, he 
could not only have given satiafaction to himself, 
knowing that certain results proceeded from certain 
causes, but having experience so as to direct him to 
that which was the immediate cause, he would have 
saved himself a world of anxiety and trouble, and in . 
addition to that his employer would have had the 
more interest in keeping him in his position. Em- 
ployers are not always blind to their own interests : 
they know when they are possessed of a faithful 
servant, and that to exchange servants holding a 
responsible post is by no means desirable, and is rarely 
done, except in cane of some unusual conduct or of 
a faulty character. 

The purport of this part of the present series of 
papers is not to give the reader details of steam 
engine construction, or of the modes of using and 
repairing it when not in good order. All this will 
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be taken up in succeeding parts* What we have now 
to give is in connection with the indicator only. 

The indicator, as we have before said, is not of recent 
4ate, though its general use is but of recent application. 
Thirty years ago not more than one out of ten of 
'those who liad the care of steam engines had seen an 
indicator, 'much less did they know anything of its 
Yalue* Btitit is now in the hands of a large proportion 
dt foremen or e n g i n e tenters, some haying but a very 
ji|Qperfedt it when they have manipulated 

Itr but few; rehUse the yalue of, and 

^ : td |i^t it produces. 

' we eteam eh^hb iin^e^to, like all ptW instruments, 
IttQl xMali^ ^ p^oipl^ but its form is as di|brent 
^ to. w^ it was in the days of Watt as that cf 
Any other old mabhine or instrument. The change 
’ may he said to lie ptrtly in form, and partly in the 
different construction of the mechsuioal arrangements* 
It is now more portable, and also much more correct 
in its operation. Perbapt the most^ accurate steam- 
engine indicator of to-day is that known as 
, “ Biohards”’ ; its working parts, of course, being 
to all those which have preceded it* Ordinary 
education now being within the reach of all, in con- 
sequence of the present system of schools, should a 
diagram be produced from the steam engine, a boy 
who has pas^ the fifth standard could, with a few 
examples, learn quickly to “ read ” the diagram, and 
ealoulate the power the engine was producing ; and the 
knowledge of figures, the simple rules of arithmetic, 
are now within the range of the generality, at least, 
of young men. 

A OapabiUty to unSontMid th« of Bttam Engine 

IMsgriinf neoeiiary in addition to that of oompnting 
tlio Eowor of the ^iginis from wMoh Diagnmi aro taken 
—Points in the Praotioal Kanagement or Use of Steam 
Engines invoWed in this. 

But a knowledge of figures is not the only matter 
neoessarily requisite in the indication of a steam 
engine* That is but the preliminary. The next and 
the great value of indicating will be fully shown as 
we proceed in giving diagrams of different forms, and 
explaining the results and causes of the different 
style of diagrams, with remarks on each, so that the 
readers, more particularly those who are somewhat 
conversant with a steam engine and the parts which 
produce either good or bad results, can readily under- 
stand how to improve them or rectify certain errors* 
Thus an instrument which can be applied to the 
steam engine, and which gives to the user of it the 
' real state and condition of those parts which cannot 
be teen with the eye, which can only be guessed at 
without, and can only be ascertained absolutely, with 
. definite precision, by the aid of the ** indicator,” can 
scarcely be overvalued. The ** diagrams,” when taken 
by its inean% will appear to those ignorant of it a 


mystery, and likely to carry no more profit by them 
than one who is totally unacquainted with the system of 
stenography receives from a piece of shorthand writing. 

The following paragraphs are intended to give the 
necessary information on the use of the indicator, 
also of the diagrams when taken, and how to make 
the neoessaiy calculations from them* They give also 
full instructions how to detect faults, if any— i.e, so far 
as economy in consumption of fuel, and how to gain 
steady workbg are concerned, so that they will thus be 
all the more praotioally useful to our iWeh* , It is 
only right to state that, having had many \ 
experience in its working, we have ever found it fo 
be a omreot discoverer, and in its diagim^ deaociBM; ^ 
so to say, of the true state of affairs in the invisible or , 
dark room of the ** cylinder,” and thus telling us the 
exact condition of it; thus fully disclosing the hidden 
or secret workings which may thus be said to be made 
visible to the eye of him who can read the diagrams 
properly which the indicator gives him* Wben the 
lines are so spread upon paper, they are then open for 
inspection, and to the learned they are so far under- 
stood that they can be treated as the case requires. 
We say as the case requires, because oiroumstanoes 
vary, and therefore such arrangements must be 
made that, whatever the oiroumstanoes may be, it 
can be accomplished if it be within the possibility and 
the capability of the power of the mechanism of the 
steam engine* This can be done, not by the rule of 
thumb, but on principle. The diagi*am on the paper 
shows, in the first place, the position of the engine 
as to the power it is exerting, and secondly as to the 
amount it is capable of performing in addition to the 
power it is already exemsing. This being the cose, it 
arms the steam engine user with a power so that be 
can at once set to work to provide for the requisite 
steam power that is required. If no extra power be 
required, the diagram points out unmistakably to 
those in charge, whether there is any necessity for a 
change to be made in the arrangement of working the 
parts so as to give the best result. 

A Point to be eonsidered la WorUng the Englae la relation 
to tko Diagram taken by the ladieator.'^Tke Betting" 
ef the Yalvei of the Bteam Engine. 

Two results are required to be gained by arranging 
the working parts, and which can only be done on 
principle, after having a figure (the diagram is often 
oallerl a figure) taken without working in the dark ; 
i*«., firstly, to so regulate the valves (which are 
the real working pirts by which the changes crtn be 
secured) that the steam engine can be regulated to 
work smoothly, This is very important — i.e. regular 
turning and smooth ** running.” To arrange the valves 
so as to gain the above result has an m>i)omical effect 
of high value : it also pi’events breakdowns and sundiy 
repairs, which often take place where ^^^Ives are in- 




810 


TEE STEAM ENGINE USER. 


correctly set, The word set ” is mostly applied to the 
regulation of steam valves. In short, the difference 
of the wear^and^tear in the various working parts 
between an engine which has the advantage of l^ng 
carefully regulated and the one which is neglected and 
is working irregularly and ** shaking,” as the phrase is, 
is simply the difference between repairs seldom and 
those frequently required, together with the chance 
of a total breakdown« Secondly, economy in working 
, steam engines is also a desideratum with manufacturers 
or users of steam power to a large eicCmt. Goals beihg 
M article of erayday oonsomptioii^ and also an ex* 
It is oil the raort »o^ty that the 
best mtayti dbtdd 'be adopted to curtail such costly 
use of Hie ‘'indicator” and a 
Imowledge of it prepares the person in charge of the 
engine to so far adjust the valves that the object 
requir^ can be ecoomplished. It may in other words 
be calM a ** detective,” an ‘‘informer,” What can be 
more valuable than a machine which can discover 
faults, and that with little trouble, and when discovered 
can show where the fault lies I It is no false informer ; 
it may be relied upon ; and hence the value of such 
a piece of mechanism. Our experience with steam 
engine indicators for a period of more than thirty 
years has been very wide and extensive, so that we 
have every confidence in recommending such a valu- 
able adjunct to the engine-room as an indispensable 
auxiliary to it, Economy in working steam power is 
at this day regarded as one of the first steps in a well 
managed concern. Manufactories of every kind have 
to depend largely on the principle of economising in 
every branch which entails cost;, and therefore the 
mighty consumer of cool, the steam engine, must have 
its share of attention. An old proverb, which may 
be repeated, is valuable when put in practice — “ Take 
care of the pence, and pounds will care for themselves,” 
but m the use of coal with a well arranged engine its 
application saves its pounds, The difference between 
a steam engine being properly set to work for saving 
coal, and one which is improperly arranged, might be 
at a cost in the consumption of coal equal to 25 or 
even 30 per cent., hence the importance of a know- 
ledge not only of the steam engine as a machine, but of 
the application of the indicator. We cannot possibly 
praise the indicator and its use more than it deserves, 
and those who have had experience with it will admit 
all and more than all we have said in its favour. 

Fraetloal Points oonneoted with the Vis sf ths Itsaa 
Sngias Indleator, 

The “ indication ” of the steam engine is obtained 
when the engine is in full operation— i.s„ first, when it 
is running at the regular speed at which it is required 
for the ma^nery which has to be driven ; next it must 
be ascertained that all the machineiy which depends 
upon the engine for motion is in full work; this 


being done, the work of taking the indicator diagrams 
can be proceeded with, and this diagram will be traced 
upon the paper which is attached to the cylinder of 
the indicator, and when it is worked out (as will be 
shown how, as we advance in this paper) the actual 
power which is exerted at the time the diagram is 
taken, will thereupon be presented. The result 
wh^h is exhibited must not be understood as being 
the net power of the machinery which has to be turned, 
but the total power which is required to over^me the 
friction of the machinery which is in operation. We 
shall, as we proceed, refer more parricularly to the 
mode of ascertaining the tot^ power Irluoh the steam 
which enters the cylinder of the steam engine produqtii^ 
secondly to the power which is required to overcome 
the friction of the engine and shafting, and thirdly and 
finally to that which is required for. the machine 
alone. Such a mode of procedure fortifies the 
engineer or owner of the works against adding more 
machinery to that which is already at work than the 
condition of the steam engine is capable of performing. 
Therefore the use of so valuable an app^inoe as 
the indicator is of the utmost importance Jo those 
so engaged with machinery requiring power.AVe may 
further add that the steam engine indicate informs 
the engineer or engine builder how toBftermine 
the strength of the metal in those parta^^Kst likely 
to be affeoted--t.i., those parts of the J^He which 
receive the fpreatest amount of strain^^Hl which 
should be so judiciously regulated as t^^Bride for 
little irregularities in the way of chc^^Rr other 
changes, which all engines ate subjeot^^Hfrom the 
action of the machinery they turn, wlfl^Kay have 
been stopped, and suddenly put to work^^B, Extra 
friction arising from change of weatherB^Ki dry to 
that of damp, may also be ascertained ■Bieans of 
the indicator. Belts iKscome tighter andllLge more 
friction in damp, than in dry weather. ExH friction 
is more especially caused in works where aB|ge num- 
ber of cords, ropes, or finer kinds of cord,B what is 
commonly called “bands” are used; where su^i abound 
the work to be done is considerably augmented. 
Every kind of change in the directions we haye named 
above requires to be so provided for that it Will com- 
paratively compensate for such emergencies. 

The indicator is truly named : it is an “ inf<Wmer,” a 
** forewamer.” It is the red light— to borrow ja phrase 
from railway working— to those who understai^d signs. 
When a diagram is taken and it appears larg^er 
the previous one, it points out again the neoMsity for 
inquiry in order that the cause may be ascertained, 
pi case of erira speed being given to machinei^ which 
is in operation, it also gives information of w lat has 
been done — t,e., it shows the power requiret to be 
shtained from the steam engine, and which oonse- . 
quently requires a greater consumption of ooi We 
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have foimd the use of the itidioator, where power is 
^*leb off” to tenants, to be of the greatest value. It often 
happens — and we suppose that such is a general weak- 
ness in man — that he requires for every penny spent 
a pennyworth of something for it ; and it often does 
fail out that one having steam power is aotuallv 
getting more than is due to him, and this may be 
ki^gely add^ to by his increasing the speed of the 
mahhineigr, and thuis he may be obtaining a penny- 
farthingfs worth of power fpr his penny. This kind 
of appamt does not always arise from actual selfish- 
ness, but sometimes from a want of proper knowledge ; 
ai^:if ponveteant wiibh the use of the indicator, he 
cOnld no longer profess (at least) to be ignorant of 
the result, more speedi in the machinery will 
require more ^wer, and the additional power must 
come from the engine, and thus a greater consumption 
of coal is going on, therefore the power provider is at 
so much of a loss. We have adduced the above cir- 
cumstances, possibilities, and the like, that we know 
such as deal — for in reality “ letting off” of power is a 
distinct trade — in letting off power are subject to. Be- 
sides what we have named as being a loss to those who 
find power for tenants, they are also subject to the lops 
arising from being overloaded by the tenants' work— 

having more power to furnish than can be furnished 
with safety by their steam engine. Here again the detec- 
tive instrument may be set to work, giving information 
to the principal or owner of the engine as to what has 
taken place j and therefore ho puts some one to work 
to ascertain the real cause, in order that it can be 
remedied or compensated for. The value of such an 
instrument will, we think, be so far appreciated, that 
all who desire to act on sound principles and on safe 
ground, as well os to work on on economical plan, 
will therefore, if wise, so esteem the indioatoi* as 
an indispensable instrument that they will be piu- 
vided with one; for the reasons above alluded to 
are of the utmost business importance. 

Though the ** indicator ” is expensive at first cost, it 
nevertheless contributes to economy. With care it is 
seldom out of order, and therefore vety little expense 
follows upon even its continued use. As we progress 
in our remarks upon the diagrams as we draw them, 
we have to point out other important points 
which are necessary to be read and valued as leading 
to economy, etc., etc. 

Osaarsl or Popular Posoriptloa of tko ladieator. 

This is a small cylinder, a a, provided with a piston, 
to the under side of which the steam from the main 
part of tlie engine cylinder at its upper end is 
admitted by a pipe regulated by a cook, b, fig. 1. The 
piston-rod is supplied wth a strong spiral spring 
(partly shown through the slob o o in the upper part 
or cylinder d d), the office of which is to press the 


piston of the indicator downwainls after the steam 
which has pressed it upwards posset away, as it is 
exhausted from the cylinder of the engine. To the 
spring a pencil rod, e, is attached, the point of vrhivh at 
f works against a small sheet of paper. This sheet of 
paper is passed round a vertical cylinder, g running 
on a centre attached to the frame, h A, of the indicator. 
The oylmder has a motion given to it on its centre by 
a small pulley, i i, round which a cord j is passed, 
this being connected at its upper end towards A with 
the parallel-motion radius bar of a beam engine or 
to the cross-head of thq piston-rod of a high-pressure 
engine which reciprocates to and fro ; the end, when 
pulled out by the outward motion of the rod, as in the 
direction of the arrow I, causes the cylinder to move 
round a part of its revolution, as shown by the 



curved arrow n ; and on the pwton-rod of the engine 
moving inwards, a spring within the cylinder t i 
makes it return in the opposite direction to n, coiling 
up the cord Aj in direction of airow m as fast os it is 
released by the Wkward motion of the piston-rod of 
the engine. The indicator being thus arranged, its 
cylinder, a d, in communication with the inside of the 
engine cylinder, and its spring box t and ** drum ” or 
cylinder g g with the moving part of the engine, the 
cylinder piston, in a a, of the indicator is kept moving 
up and down, and the spring box, moving also the 
pencil-rod and pencil/, moves from right to left on its 
centre alternately. 
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THE BBI0KLA7XR OB BBIGK8ETTEB. 


THE BBICKLAYSB OB BBIOXSBTTEB. 

THI PBDfGiPLEa AND FEAOTIOAL DETAILS OF HIS WOlUL 

OHAPTER III. 

Tht DimtniioiLi or Silt of Brioki mad in Ordiniry Bnildlsf 
Work.-Tht Stsadsrd list of Briok. 

Bbfoee proceeding to this part of our subject, we 
ina7 as well state, with regard to paving bricks, 
alluded to at the end of last chapter, that they are 
inade of a good quality of soil, and are burned vexy 
hard, to give a waUdng-on or working surface capable 
of resisting the wear and tear to which they are sub- 
jected. Probably the beat paving bricks are those 
made in Staffordshire, the colour of which is generally 
some tone of blue. 

The “standard,” or what may be called the “build- 
ing dimensions” or sise of bricks, are — ^length nine 
inches, breadth four and a half inches, thickness or 
depth three inches. The relation to each other of 
those determinate and always invariable dimensions 
enables the bricklayer to get in his structures what is 
technically known os “ bond.” How this is obtained 
in brickwork will be explained in future paragraphs. 
At one period in our history, and that for a long 
time, bricks were excisable, paying a very heavy duty 
per thousand to Government. In order to enable the 
duty to be levied with ease, a determinate size or 
bulk of briok only could be made ; and this bulk was 
regulated by the dimensions that we have named 
above. It so happened, therefore, that no bricks 
could be legally made of dimensions or of form 
other than the solid parallelopipedon of nine inches 
long, four and a half broad, and three inches thick. 
Although it was known that other forms or seo- 
tions of bricks gave great economy and high value 
in construction, briokmakers were entirely precluded 
from any attempts to introduce such improved con- 
structive forms as had been or clearly could be 
designed. Bo obstructive to all advance in improved 
brick construction was the excise law, that a strong 
agitation in favour of its repeal was at last begun, This 
was carried on in face of the difficulties which usually * 
environ such agitations with varying features ; but at 
last the influence brought to b^ upon the subject 
was such that the duty was wholly taken off, and 
the designing and making of brickwork left en- 
tirely untrammelled by any external influence* This 
was some thirty years ago, or thereabouts, and since 
that period bricks of all sises and forms have been 
introduced. It is only right, however, to state that 
the full freedom possessed by the trade has not been 
taken advantage of to anything like the extent or in 
anything like the numto of direotiona which could 
have been taken. Several exceedingly valuable forma 
in a oonstmctive point of view have been from time 
to time introduce^ but those have not been availed 


of to any great extent in praotioe, while eome havei 
been allowed to die out, and are now practically and 
abeolutely unknown. Arohiteote end builders, with 
advanced and enlightened views aa to what brickwork 
oonatruotion might be made, have, in fact, found that 
it is much easier to get a law repealed than it ia to* 
get rid of trade prejudices and trade opposition. For 
not seldom has it happened that the “ trade ” — ^^hoso 
engaged actually in the work of brioksetting — ^have 
passed stringent laws and most dietinotive regulations, 
which practically forbade the men to do work in which 
improved and in some instances most valuable forms 
of bricks and modes of construction were used. In 
this connection a parallel case may with some prao- 
tical utility, as being most closely connected with the 
question of technical work and education in this 
oountiy, be here cited, taken from another branch of 
building. The use of wrought-iron beama in flre- 
proof and other kinds of buildings was first introduced 
on the Continent, markedly and perhaps most success- 
fully in Belgium. So valuable were these found by 
architects to be, that it gave rise to a highly lucrative 
branch of work in the iron works of the Continent,, 
especially in those of Belgium. Our iron works, with 
their superior facilities, might have had this trade i 
but apart from the prejudices of the masters at the 
flrst^whioh must not be overlooked as an element in 
the matter — when those prejudices disappeared, which 
they soon did, and they were ready to make the beams 
for our own architects and builders, they found for a 
time all progress stopped, simply because the trade, 
that is, the actual workers, forbade the men to make 
the sections required. The result practically was 
that the Belgian iron workers had the monopoly of 
the trade, and this they have maintained at a p^t 
nci vety far from its original completeness to this day* 
It is difficult to estimate the actual money loss which 
this country must have sustained by our practically 
throwing work into the hands of our rivals and 
opponents in trade. Facts such aa these — for they 
are not the outcome of opinions merely— could be 
cited in connection with other branches of our 
national trade, and have given riee to national 
losses of the gravest character, whicih have influ- 
enced not only the past, but are likely still to 
influence the future career of our technical trades. 

Brisk as a BoUdiaf Xatarlal, eompored with Statts— Xstiaa- 
tiea la wYMl aaeh la krid largaly BapaadaBt apoa Oirawa- 
itaaoai af Loaality, tha Abaadanaa ar tha lavaraa af fha 
Xatariala.— Stana almaat uaivariallvuad laaartaladistriats 
of Baglaad, aad throag bout laoiland. 

In connection with the value of brick as a building 
material oertain points and considerations are worthy 
of notice here. And in this connecticm it isaomewhat 
suggestive, as it is ouiious, to note that the estimation . 
in which bridle or stemeis held in any givmi looility^ 
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or the relative value aeugaed to each, is dependent in 
large measure upon the simple fact of their relative 
abundance. Thus, if a district is so well supplied with 
stone, and this of good or even only of fair quality, 
stone is used as a rule as the building material, and 
brick, if used at all, is used only exceptionally, and 
often for subordinate purposes, in oonnectiCn with 
stone — such as in the building of interior or partition 
walls ; and if used alone, only as a rule for work of no 
great importance. Now, in districts so situated, it will 
usually be found that, not content merely with the 
use of stone with which it happens to be abundantly 
supplied, many of those who so use it seem to think 
it incumbent upon them to decry brick as a building 
materi^, refusing — as from experience the writer of 
the present lines knows they so often refuse-^to con- 
sider the relative merits of the two materials upon a 
sound practical if not on a scientific basis. The con- 
verse of this position of matters may be supposed to 
exist with equal force. Still some practical experience 
of districts where brick is used on a much more 
extensive scale than stone — in fact, its use being the 
rule, that of stone being the exception— compels us to 
say that, taking matters on the average, we have not 
found that those who use brick habitually think little 
or nothing of stone or greatly decry its use os a build- 
ing material. There is, for example, no case, at least 
within our knowledge, in England parallel to that met 
with in Scotland. In the latter country stone may 
be said practically to be the only building material 
used, at once for public and for private structures. 
And it is difiioult for one who has not come in contact 
with the circumstances connected with daily working 
life there, and contrasted it with the like circum- 
stances met with in the districts of England with 
which they are acquainted, to conceive of the low 
estimate universally taken of brick as a building 
material. Not merely the dwellers in the houses, but 
the majority of those who build them, can apparently 
oonoeive of no circumstances in which brick could give 
a dwelling-house, for example, so comfortable to live 
in and so laating as one buUt of stone. One hears on 
all sides opinions given with the greatest gravity that 
houses built of brick may do for the warm dimate 
of England, but that for Scotland, with its weeping 
climate and its colder air, stone is the only material 
which will give a warm house and materials imper- 
vious to damp. It is forgotten or overlooked that 
not only are winters, if not normally, exceptionally, 
and very often, quite as severe . in England as in 
Scotland ; while for a weeping and a damp climate we 
are not aware that any part of our island home is 
quite free from it, wh0e some districts in England will 
bear away the palm for rainfall. Still more curious is 
it, Uiat in Scotland in this oonneetion it is quite over- 
looked that comfortable, warm and dry bouses are, if 
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not as much esteemed, as greatly necessary in En|[land 
as in Scotland, And we have always been under the 
impression that a fault found with their English 
brethren by Scotchmen is that in England materiali 
comforts are too much thought of. 

Brief Inquiry into the Claims of Briek to bs oentidorsd an. 

Bminsntly Sound and Boonomieal Bnildiag Xatarlal, Snps- 

rior in many ways to the Ordinary Qualitisi of flteno.— 

Bsoay of Stone. 

Apart, however, from local prejudices— which have* 
in daily life a remarkably poweriul influence in de- 
ciding the most practical of points connected with 
it — ^it is from a scientific point of view well worthy 
of inquiry whether brick is a poorer, and as some* 
say a much pooi'er, building material than stone. 
While some materials or substances are practically 
imperishable (and they are very limited in number), 
the vast majority of those with which man has to 
deal, and with which he carries on his daily work,, 
are liable to decay. This indeed may be said to be 
characteristic of all substances; and although there 
ai*e exceptions, we do not abiiohitely know that they 
really are exceptions, for the element of time is to 
us only relative, and we cannot tell the limit within 
which those apparent exceptions to a general rule 
would cease to be so. Practically, therefore, decay in 
material sulistanoes is the rule; and stone, although 
we so popularly associate with it ideas of a lasting 
durability that if we raise a memento of any event 
in stone we deem it certain that it will be handed 
down to all time. But while thus popularly thought 
of, stone practically is a material liable in many 
instances to a quick decay. This characteristic is, of 
course, relative, and varies in different kinds and 
qualities of stone — granite being, for example, a much 
more lasting stone than sandstone or some qualities of 
limestone. Much depends upon the influences to 
which stone is subjected, and of those the atmoKpherio 
influences are the most powerful in their deleterious 
action. In damp climates, and in districts where the 
air is largely contaminated with smoke and the fumes 
of furnaces used in certain manufactures, stone of 
all kinds is liable to decay, and in the majority of 
instances this is rapid and complete. 

Beesy of Srioks.— fnporiority olslmtd for Briek la this 
roipeet oompsrod with flteno. 

Brick^and here we assume that it is at least 
moderately well made, of a good average quality, Just 
as we assume, in comparative observations between 
it and stones, that the stones used are of average 
if not of the best quality— brick is also liable to 
decay. But if the results of observation of ancient 
work be worth anything, then this may be fairly 
challenged for brick, that is less liable to decay 
than itone« 
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THE OOTTAQE AND THE VILLA 


XHE OOITAOE ASD TEE VILLA OABEEHEE. 

The Leadiko Feingiflbs akd Pbaotioe ov the Abt 
OF Family GASDENiKa* 

CHAPTER II- 

Folnti to bt ftttanded to in orffonliing o Syitom for, ond in 

loylng out, tho Cottage CNff den, to moot OontingeiLolee of 
BoMoae, Dioeoioi of Oropi, eto. 

In laying out his garden the labourer or cottage 
gardener should aim at growing as great a variety of 
crops as possible. It is a great mistake to confine the 
produce to one or, at the most, two kinds of crops, 
such as the two popular or normal crops of ordinaty 
gardens — potiitoes and cabbages. Tliis is not a 
system calculated to make the most of the garden 
ground. A variety of crops brings with it more 
advantages than one. In the first place it is a 
prudent system which has several oi’ops under cultiva- 
tion, The seasons vary very much with us, as we 
have all but too good^or too bad or powerful — reasons 
to know. But varying as they do, and thus being bad 
one year for a certain crop, they may be good for it in 
tho year following. Thus it is that one season, bad 
in its efieots upon one crop, will be beneficial for 
another; and thus if the garden is glowing several 
crops it will be strange indeed if all of them are 
failures. Some will be very good, others will be 
moderately good, while those which are decidedly bad 
may be few in number, or but one or two at the most. 
Again, there are causes of crop failure other than the 
seasons, such as diseases, insect pests, and the like, 
which act as prejudicially as an untoward season. It 
is possible, indeed, that these diseases — even perhaps 
the ravages of the insects — may be caused by, or at 
least greatly influenced by the seasons, and this in 
the latter case we believe to be the case. But look- 
ing at diseases and insect pests as separate and dis- 
tinct scourges, quite apart fi'om the scourge of an 
untoward season, it will be found, in the practice 
which gives a vaiiety of crops to the garden, that while 
an inneot pest, for example, which comes one season 
destroys one set of plants utterly or nearly so, another 
crop or crops will be spared; while others may be 
only partially attacked, and a minimum of loss be the 
result. 

Xeeaomieal Advautagsi ef Taxisty in the TegsUbls Cropping 
of a Oottago Oardoiu 

But altogether apart from the economical aspect of 
the system of variety in clipping, which may avert 
the total loss of all crops if one or two only be culti- 
vated, there is still another advantage to be obtained 
by having more than one or two crops, and that the 
same year after year. And this advantage is very 
great in a health or physical view of the question. 
For all physiologists and physicians agree in that 
variety in food is, or what are called **ohanges in food ** 


are, beneficial to the system. Further, we are all so 
constituted that each individual has his own likes and 
dislikes. And some members of the cottager’s family 
may be greatly gratified, and indeed be much the 
better physically, by having now and then a vegetable 
he or she may like vastly better than the usual or 
ordinary vegetables grown in all gardens. And as the 
happiness, at least the comfort of life, is made up of 
little things, why should this little thing be with- 
held) A good and wise and kind father will, in 
witnessing the gratification of his wife or children at 
having this little thing accorded, be gratified him- 
self. And it is a question whether this be a “ little 
thing,” after all. We are inclined to decide that it is 
anything but that, and the principles of physiology and 
those perhaps of something higher than this, seem to 
favour the accuracy of our opinion. But there is still 
more to be said in favour of the system of gardening 
which insists upon variety of cropping. In some, 5 
not in many instances, a cottage gardener may have 
ground sufficient to raise crops more than enough to 
supply his own wants* Kow, ae the principle of 
“ likes and dislikes ” to which we have alluded 
applies universally, if our cottage gardener has, as 
in the above supposed case he will have, extra pro- 
duce to dispose of to his neighbour, he will be able 
to secure a sale for all his produce, inasmuch as he 
will bo able to gratify a wide variety of tastes. And 
it may be taken as a rule with few exceptions to it, 
that what is the more novel or out of the common 
way of produce fetches a higher price. And it 
may happen that some of the better, or at least 
richer, classes of the neighbourhood, although they 
have gardens of their own, may, through neglect, 
forgetfulness, or the influence of the jog-trot style 
of garden cropping which admits of no variety, not 
have grown some vegetable of which nevertheless 
they may be specially fond. And it may happen that 
our cottager, with his “ variety system,” may have 
grown it— in which case he may make sure of getting 
a higher price for it than he otherwise would. 
“ Fancy things ” bring “ fancy prices,” and these are 
very beneficial to the purse ; and the purse of the 
labouring cottage gardener is not usually so well filled 
as to make even an oooasional good extra sum a 
matter of indifierenoe. 

Advantages pf Yaiiety in Ymit and Flower Oultnre. 

The same principle of variety ” should dominate the 
selection and cultivation of fruits and of flowers. And 
as regards the latter, we should earnestly advise the 
cottage gardener to pay great attention to them. One 
great advantage which flower cultivation possesses is 
that while attention to the flowers is required to be 
continuous or constant — ^for they must never be nsg* 
leotetl even for short periods of time — this attenti^ 
necessitates no bard work, nor requires the great, 
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phyrioftlvtrengthwbidilntiohof thewor v«getibto 
^voppbgdemMidB. Henoe the wife can give oooMionAl 
help in flower cultivation ; and indeed ahe idiouldi 
aa a matter of health and mental oultxire, make a 
point to do eomething of the flow^plot work* The 
children, the very youngeat of them, can also 

do a great deal of uaeful work in thia way. And 
with them the phyiioal and mental good to be derived 
from it ia each, that it would be well worth while for 
the “ houae-mother ” or the bread-winner " of the 
cottagd to inaiat upon thia work fonning part of the 
diadpline or neoeaaary work of it. 

But the light work of wife or children given to 
flower growing and flower tending will pay j and that 
isa point not in anywise to be def^daed by the cottage 
gardener, or indeed by any one, in connection with 
work dona A true man is thankful for material 
beneflta arising from work done, none the lesa, pos- 
eibly all the more so, that he is thankful for the 
mental or moral ones which flow also from it. And 
for flowers there ia always, and in all neighbourhoods, 
a great demand, and this demand ia ever increasing 
with the supply — for " flower love ” grows by what it 
feeds upon. Almost the very poorest can afford now 
and then a penny for a bouquet or a nosegay,”^ 
and the cottager could contrive to give out of his 
flower plots a goodly-aized noaegay even for a penny, 
and a goodly number of them as well— although got 
out. of but very tiny flower plots. We have known 
insUnoes whm the younger branches of the family 
have, by the sale of the flowers of their little plots 
during the flower season, stored up as much as bought 
them comfortable shoes and warm stockings for the 
drear winter time, when under its biting winds and 
frost and snow the beautiful flowers die down — only, 
however, thank Gk>d, to spring up again next season 
as bright and beautiful as ever. Now, every 
little makes a mickle,” and fortunate the cottager 
who sees through and through this proverb and 
learns the wisdom that it teaches. And we know of 
no system of gardening so suited to the getting in 
of ** littles,” as t^t which has ** variety ” for its base 
of cropping, whether that be of vegel^bles, fruit, or 
flowers ; and simply because the ^stem creates so 
many littles. And as in vegetables, as we have seen, 
.so it is in fruit and flowers,— one season is not so 
vaziousiy and decidedly bad that it kills or injures 
every vuiety of produce; some will be sure to 
escape, and those some may keep the garden from 
being a total loM — be, in fact, so prolific that a 
profit may, even in a bed season for other varieties, 
be the result. 

Delsilea Poiats la Taristy ef TsfstaUe flrofplaf of the 
HtShsa jesrAsa.:-Talis ef Esrta or Pet Herts, ia the 
HsaiAeM, sad te Ms. 

In oounectioo with this system cf ^'variety in 
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cropping,” let us glance at some pointB which will still 
further illustrate and enforce its value— a value whidi 
from our experience we should be inclined to say can 
soarotiy be overestimated by the thoughtful Oottege 
Gardener. Ajod what we have to say further may 
convey something of value to those whose more for* 
tunate worldly droumstances render the possession 
of large gardens to their houses a matter of positive 
or oomparative ease : to wit, that other olass which 
comes under our title— the Villa Gardeners, 

Osltivstioa of Herbs ia the Oettsge Osrdsa.— floaoral 
Hsaisrks. 

The first point to which we shall direct the atten- 
tion of the reader interested in the simple, yet ever 
pleasing and generally in every way profitable work 
of the cottage garden, is that of herb culture* Of 
the uses and the economical value of these some of 
our readers may not be aware, or fuUy aware. 

To many indeed, especially those resident in the 
southern parts of the kingdom, much of what we 
have to say will be nothing new; but to nearly all 
who reside in Scotland it will be wholly so, as not 
only are herbs there as a rule unused, but they seem to 
be disliked by the majority. This is certainly a matter 
of regret,— not so far as the better classes are oon* 
oemed, because they have many ways of making up the 
deficiency; but assuredly it is so, so far as the labourer 
is concerned, inasmuch as their use tends greatly 
to the economy of cookery, and also unmistakably 
to health. Many a toothsome dieh can be made 
out of very cheap materials, by the addition of one 
of other of the many herbs which can be cultivated 
even in the smallest of gardens, with as little trouble 
and as little cost; which dishes would otherwise 
be veiy tasteless, if indeed they would be worth 
the making. To a north-country person it would be 
a matter of surprise to see the gi^t variety of herbs 
which are often found in^ the cottagers^ gardens of 
England, and to become acquainted with the number 
of ways in which they can be applied, as tempting 
and healthy adjuncts to various dishes. 

The cultivation as well as the use of herbs, indeed, 
may be said to be almost a science, if such a term 
can be used concerning what will appear to some 
to be a very trifling matter; for each dish in 
many oaees has its own particular herb, which is 
used along with it. Ko doubt, in many cases the 
taste has to be acquired, but ibis we should think 
would be easily done, as they are almost always 
delightful addenda to the dishes ; and from what we 
have said about it, the acquirement should be culti- 
'^ted— and to malm a poor pun, so should the herbs 
themselves— in the cottage gardens of every labourer 
in which they have not hitherto had a place. (See a 
chapter on the adenoe of cookery in the series of papers 
entitled ** Domestic Service as a Technical Calling ”) 

U 
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THE lEABSBT OABDEHEB. 

HZ8 WOBK nr FBODuonro izr Buli;, Yeobtablu^ Fbvit, 

ASTD FLOWBM* 

CHAPTER L 
Zntroduotory. 

Wb m all apt, naturally, and in one sense legiti- 
mately, to overestimate the importanoe of our own 
peculiar calling, or busin e ss , as that bj which we live, 
and in the progress of which we seem alone to be 
interested* But, apart from such general considera- 
tions as are connected with the relationship existing 
between the various classes of work by which industry 
is promoted and the wealth of the people created, 
the dependence which one has upon the other, the 
close-set links which bind the whole together in one 
common interest — the welfare and well-being of the 
community, — apart from all this, those branches of 
work connected with the production and the prepara- 
tion of food for man (and of those the arts of pr^uction 
the first) necessarily take precedence of all the other 
branches. Necessai^y : for man must live, — ^he works, 
indeed, to live; “lives to work and works to live,” as 
it has been so well and antithetically put ; so that it 
is absolutely true that all the other arts are subsidiary 
to those which concern themselves with the food sup- 
plies of man. Hence, agriculture has been called 
“the nursing mother of all the arts,” and “ars et 
artium,” the art of all arts. The same may be said, 
although in a modified sense, of gardening, and more 
especially of that class or style of it which concerns 
itself with the supply of vegetables. 

DlitinetioB between Oeneral and Xsrket hardening. 

The distinction between ordinaiy, or what is 
generally known as gardening simply, and market 
gardening, lies not so much in the fact that ordinary 
gardening embraces all varieties of culture, fruit as 
well as fiowers, and vegetables as well as both fruit 
and flowers, as in this, — that even if gardening, as in 
cottage work, concerns itself only with vegetables, 
produced in number and individual quality on the 
small scale fitted as a rule for the consumption of a 
family, market gardening is, as a rule, confined to 
the cultivation of vegetables, but those on the largest 
scale, and that requiring from five up to fifty, and 
even more, acres of land for their production, in pro- 
portion to the demands of the population of the dUes 
and towns in the immediate ndghbourhood of which, 
or as near as can be conveniently arranged, the 
market gardens are dtuated* While the crops tA the 
market gardener are comparatively few in number, 
the bulk of produce of each crop is in all cases large, 
and in some oases what may with all truth be called 
enonnous. 

But in addition to the supply of vegetables cn this 


large or largest scale, commensurate with the great 
demands for them created by an increased and ever 
increasing population, there are two other features 
connected with the art of market gardening to be 
noticed here: the first is the methods of culture 
adopted in order to produce crops which come to early 
maturity; and the second the methods by which crops 
are taken from the land in rapid and oontinuoua 
sttooessioD. 

The ProduotioB of TogeUblti, eto., Xsrly la tbsir reipootivt 
lessou a Spooial Foataro of ICarket Oardoalng. 

The first of these two features is one brought into 
existence by the growing love of vegetables amongst 
our people, and by the natural desire there is to begin 
as early as possible in their respective seasons to enjoy 
them in all the freshness of their novelty and health- 
giving qualities. Ho doubt, a large element m this 
matter is that of the emulation of the rich and luxuri- 
ous of our population one with another — many of whom 
care more for the fact that they can have at their 
tables the earliest productions of our gardens, the cost of 
which elevates them to the rank of luxuries, and the 
more costly their price the higher in this rank they 
occupy — which are possibly more thought of and by 
some envied as such, than from any real gratification 
of the palate in eating them, or for any benefit they 
may give in a health point of view. For the earUesb" 
of our crops — known often as forced —are by no 
means the best, either in point of flavour or in the 
real vegetable value which only proper and what may 
be called naturally produced maturity can give. Be 
all this as it may, and be the reasons for the existence 
of this social fact now noticed true and sound or not^ 
there does exist a strong and in one sense a universally 
wide desire on the part of the people to have as early 
supplies of vegetables in their recurring seasons as 
possible, and amongst the rich the very earliest. And 
our market gardeners are not slow to avail themselves 
of the opportunity thus afforded to get high prices for 
such crops as they can put into the market at the very 
earliest period of the year in which such crops are, 
as they are termed, seasonable. To secure this trade 
some market gardeners take great pains and go to 
large expense. Some make it a point of pride, to say 
nothing of that of profit, to be, if not absolutriy the 
first, amongst the first of those who appear in the 
market with their produce. They, in fact, cany out 
this principle in business so thoroughly, that they only 
concern themselves with the growing of the earliest 
possible crops, and retire from their sending of crops 
of the same kind into market when their price comes 
within the category known as “moderate.” They 
may virtually be said to be produoen of high-priced 
early product crops only; doing little to jupply the 
market with the ime crops at what may be oaOed 
the general period of ade or supidy and oonsiimptioiL 
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A QioUk ittopniton «f Oropi anotlMr f tiitiirt «f lUarkit 
OftrdiBlaf* 

No doubt all luarket gardeners aim at getting 
early crops, if only for the reason that if but 
moderately early th^ will secure for them higher 
prices, but chiefly because they wish their land free from 
them as soon as possible, so that it may be occupied 
some other crop which comes next in succession and 
in popular demand* This, the second special feature 
in market gardening to which we have alluded, is one 
to which great and most marked attention is paid in 
its practice. It is true that taking a succession of 
crops firom the land is a part, or should be a part, of 
gardening as practised in the ordinary way and on 
the usual limited-^more or less — scale (see ‘*The 
Cottage and Villa Gardener ’*). But this principle of 
succession is carried out in market gardening on a 
scale and in a way so complete, thorough, and withal 
so rapid, as to make its practice an almost totally 
diflerent thing from that which distinguishos it in 
ordinary gardening. In the market garden the 
spectator will see men occupied in removing the crop 
from one end of a plot of land, while he will 
notice others who will be engaged in digging and 
preparing it for another crop, while yet others will 
be sowing the seed for it, or transplanting the plants 
on the ground already and so rapidly prepared. This 
quick succession is a necessity of the system of market 
gardening ; and arises not merely from the desire of 
the gardener to get as quickly as possible into the 
market the widest possible variety of vegetables, but 
also from a no less ardent desire to make the most of 
the land and to reduce thus the coat of its rental. 
For, from the very circumstances of the case, the rent 
of land let for market gardening is much higher than 
that of ordinary or house-garden land, and greatly in 
excess of that let for ordinary farming. The details 
connected with these, the two leading features of 
market gardening, will be dealt with in succeeding 
chapters, and will, in fact, embrace ail that has prac- 
tically to be given in connection with the art. 

Oousaaption of TogttablM a oomparatlvoly Sooent 
Toaturo in our PomostiQ Ufa— Bri^ Votot on the Hiitory 
of thi Zntrodnetion of Vogotablos into England. 

Although it may seem somewhat strange to some 
of our readers, it is nevertheless the fact, that not- 
withstanding the important place which vegetables 
now occupy in the supply of the material wants of the 
people, they are of oomparativelj decent introduction 
amongst us. As we have received more than one of 
our leading indostiial arts from the Continent, so also 
from there did we get our v^tablee. And of the 
Ooniinent the part most famous, for its industry, aa 
it waa also famous for its art--4hat, namely, so long 


known as the Low Countries, now constituting 
Holland and Belgium — was also celebrated for its 
highly cultivated farm lands, and 'for its luxurious 
and bountifully cropped gardens. And this at a 
period in the history of western Europe when with 
us farming did not deserve the name which it now 
possesses amongst us, of an art based upon sdenoe ; 
and when vegetables were almost wholly unknown 
to us, — not merdy not in cultivation, even on the most 
limited of scales, but not known to the great bulk of 
the people as articles of food* It was at this period 
only the very richest who could indulge in vegetables, 
and those, few in number and exceedingly scanty in 
supply, were chiefly imported from the Low Countries 
we have just named, And, from the infrequent 
opportunities and the necessarily slow transit from 
oim country to another, as well as from the quickly 
perishable character of the produce itself, it will 
easily be seen that what very limited consumption 
there was then amongst our rich people — to whom 
alone, from its costly price, it was accessible— must 
have been oonfl'ned to the Metropolis and to those 
few ports which carried on the then exceedingly limited 
trafllc existing between the Low Countries and our 
island. 

Brief Eiitorj of Yegetablo Oaltnrt— Bnglaad oontinuod. 

As the monks and religious houses were for long 
and truly ** dark ” ages the conservators of all which 
now constitutes our polite or civil learning, so also 
were they the patient conservators of all which came 
down from the agriculture and gardening of the 
ancients, as well as the promoters and intm]u(*ers-— 
in the first instance— of those garden crops which we 
now call ** vegetables ** and ** culinary herbs.*' It was 
from the carefully, and we may in all truth say 
lovingly, cultivated gardens of the monasteries, 
that the knowledge of and the best method of 
producing vegetables and herbs spread amongst the 
people, just as it was in the case of the farm lands. 
A few indeed of the methods, which some amongst 
us pride ourselves upon as the products of the ability 
and knowledge of the nineteenth century, were 
introduced, and long successfully carried out, by the 
monks. In stating all this the refider will do us the 
justice to believe that we are only actuated by a desire 
to give information to some of our readers who may 
be ignorant of it — to give ** honour to whom honour” 
is really due. It is a poor mind which cannot see, a 
still poorer which when it sees cannot gladly if not 
gratefully acknowledge, merit even in one to whom 
he is opposed. It was only about two hundred years 
ago that vegetables began to be cultivated for profit- 
in other words, that market gardening took a practical 
place amongst our industrial arts. 
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OVTLmBi or TBA Panroii^af Am Peaotiob of Btf Asv* 

CHAPTEB III. 

Btpjiaey of flootliif BodlM.-"E«Utloa of Bnlk to Wol^t 
of Olid to tlio PiipUooaoiit of Wotor by BodJoo. 

Iir preceding paragraph but one^we concluded by 
etating that the upward preeeure of the water, re- 
preeented by the arrow it in 8g* 1, is alwaya, equal 
to the weight of the volume of water di^laoed by 
the body, and while the bulk of the body remaina 
constant the pressure upwards will alwayi be con- 
stant. Bttt while, the bulk or volume of the floating 
body 6/ g h rexnains constant, the weight may vary, 
and that very materially. If the weight of the body, 
represented by «/g h, flg. 1, be equal to the weight 
of the volume $/g hoS the water which its bulk dis- 
places, the weight which gives it what may be called a 
sinking or dropping force, in the direction of the arrow 
f, is balanced by the equ^ weight represented by the 
vertical arrow 1, and which is due to the weight of 
the displaced water. The two forces being thus equal 
and opposite, the body s / g A floats, and does not 
sink. But if we supt>ose now that the body efg A, 
Still maintaining its hvlk constant, is made of a 
much denser material than before, its weight is just 
so much the greater $ but the bulk remains still the 
same, and the same volume of water is displaced as 
before, and the pressure due to the weight of this 
is also as before. If we take twenty pounds to 
’represent this, we have in the greater weight of 
the new body, which we suppose to be forty 
pounds, an excess of twenty pounds^ so that the 
body no longer floats, but sinl^ or sinks deeper, 
and this to a depth corresponding to the proportion 
which exists between the weight of the body and the 
weight due to the displacement of the water by its 
bulk. 

A log of timber or part pf a tree of great 
dennty dr weight as compared to its bulk, say teak, 
s^nks to a certain depth when placed in water; a 
log or part of a tree of a less dense or lighter 
character, such as pine, floats, although both logs 
are of thd same bulk* But the reason why the one 
<dnks and the other floats, the young reader will 
now perceive is owing to the fact that the teak log 
diiq^laoes a votume of water the weight of which 
is less than its own weight, and which has not, 
therefore, a pressing or holding-up force, as x^re- 
aented by A in flg. 1, capable of balancing the force 
of wcdgbt or gravity, of the teak» repreeented by the 
arrow I, while the pine floats for Ike converse reason : 
its bulk-r-the same aa that of the teak—displaoes 
the same volume of water aa the teak, but the weight 
of this volume is so much greater than the weight 
of the pine log, that it baa an eaeees of puling or 


holding-up force to spare, so to put the point iami- 
liariy, which therefore goes to keep the log floatings 

Buojaaej af . Solid sad Bollew y)eatlBf Mias. 

But if we hollow out the solid tmik log a in flg. 2, 
which sinks, aa at arrow b, stopping short at the 



Fig. 2 


ends, as at 6 g end at/g, to prevent the water from 
entering, we thus alter it and lessen its weight, 
while we still keep its bulk the same. And this 
latter being maintained, we have the same pressing 
or holdmg-up force due to the di^laoed water as 
before. And if we hollow out the log sufficiently, 
we can so far lighten its weight that this will be 
BO much less than the weight of the volume of water 
which its bulk displaces, that the log, heavy to sinking 
before, may float high out of the water. By thus 
lessening the weight of a body placed in water, we 
are said technically to increase its buoyancy.’* We 
can even suppose that a solid bar of iron, as 
at a, fig. 3, which would sink instantly if placed 
in water, because its weight would be infinitely 
greater than the weight of the volume of water 
which its btdk — small compared to the weight 
— would diaplaoe, might be so hollotred out 
after the manner of the supposed teak log in fig. 2, 
and aa ahown at 5 o in flg. 3. The point here 



Fig. a 


graphically illustrated shows how a vesael made of 
iron floats aa aafely, if well dengned, as one of 
wood, and eotplaina, what has been a piuode to many, 
how iron— ^th which is always assodated^xn the 
popular mind the idaa of sinldhg, a;bsdlute inoi^ 
biSty tb float in ^ter — can be used for a purpose 
for winch light wood was dt one time only employed. ^ 
.A vessel or bo^ of exactly the same aba and shape. 
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fui 6 a/g in fig* 3 would fioat also 3 bat to main It 
float at the lame lerd or hdght out of the water ae 
at the line b 0 oonneotod with d «/ it would require 
to. be preoiaely of the aame t?eight as the iron veesel 
h tfg. And this weight in the wooden veeiel might 
be got by having ite eidee vexy thick, or heavy weights 
might be placed inidde it. Hence it is that an 
earthenware basin will float at the same level, or, 
what la the same things will sink to the same depth— 
and this will be in precise proportion to its weight 
—as a wooden mincemeat or butter-making bowl, 
provided only th«^ this is of the same weight as the 
earthenware pot. If one is lighter than the other, 
the lighter will float the higher out of, or sink the 
less into the water, and it will displace a leas volume 
and weight of water. 

rieattiif Teiiels.— The Plane of flotatloa.*’— Ths 
*‘Load LinOi’’ 

The student must keep clearly in mind that it 
is the actual weight of the body floating in the water 
which is the measure of the weight of the water it 
displaces, and is in turn the measure of the upholding 
force or pressure sustaining the body in the water, or 
helping it, so to aay, to float. A body weighing twenty 
pounds, pressed or forced into, will just displace twenty 
pounds of water, whether that body be dense iron or 
light and porous cork 3 but, as eveiy one knows, the 
mass or bulk of the cork will be vastly greater than 
that of the iron ; and, ae we have seen, a body dis- 
places precisely the amount of water equivalent to its 
own bulk, the cork being so much bulkier than the 
iron, displaces more water; this of course presupposes 
that the cork was plung^ into the water as above 
named, for under natural droumstanoes, and considered 
as a floating body, it would not sink of itself till it was 
wholly immersed. But to enable a body to float, as 
in the position at 6 0 / y, or in a line coincident 
with the level of water, d «, diagram 3 , it must be 
exactly of the aame weight as the volume of water 
which it displaces; for if it be lighter than the 
displaced water, it will float the higher* And thus 
the young student will perceive why, when a vessel 
is designed so as to float— or, as the technical term 
is, ^*to draw so much water*' — when loaded with 
its cargo at a certain line, as 6 0, in relation to 
the level of water d s, it wfll float just so much 
the higher when part of its cargo is taken out, and 
it will then float or rise out of the water so much 
the higher' in proportion as the cargo is removed. 
The weight of a vessel practically inaludee everything 
whidi it carries, its own weight' as well; and the 
weight of the water which it displaces is always the 
measure of its weij^t We thus have, as already 
incidentally alluded to, a ready means of knowing 
the wei^t dt a vessdi with all its cargo, or what- 
ever it has ** cm board," as the technical phrase is. 


We have only to calculate the cubical oontente-** 
cubic feet— of the phrt immersed, as the part b 
/ y 0, fig, 3, and multiplying this by the weight 
of Ot cubic foot of the water in which the ves^ 
floats, we have in the product the weight of the 
vessel and all it carries. The weight of a cubic 
foot of sea or “ salt water" is sixty-four pounds, that 
of river or fresh water" a little over sixty-two 
pounds Hence, as the sea water is the densest, 
it exercises a higher holding-up or floating power 
on a body placed in it, so that a vessel which with 
its cargo floats at a certain height above the water 
will, if it passes from tiie sea to a fresh-water river, 
sink deeper or float lower; and this because the 
fresh water, being less dense— lighter— than the sea 
water, has a less upholding or floating power. The 
line d «, in fig. 3 , is called the ** plane of flotation," 
and the depth, as / g I, which the vessel floats 
when loaded with its cargo, gives a line called the 
<*load line," and the height of the sides of the 
vessel above this line, as between the horisontal lines 
d § and A », is called the ‘*free board " The young 
reader who has had opportunities of watching the 
water traifio on such a river as the Thames must 
have noticed the barges, which have so little ** free 
board " that even the very low waves, os the “ swell " 
from the poddies of a steamer, will wash over the 
deck fiom side to side; and he will be able to tell 
from the extent of “ free board ” of sea-going vessels 
whether they ore “ loaded " with their cargo, or are 
empty, that is, have only their " ballast " as cargo, 

By referring to the early paragraphs of the paper 
in this Journal entitled ''The Technical Student’s 
Introduction to the Principles of Mechanics," the 
reader will see that all matter, whatever be its con- 
dition, whether that which by common consent we 
agree to call solid, or fluid, or liquid, or aeriform, or 
gaseous, has its phenomena regulated and controlled 
by great laws, two only in number-attraction and 
repulsion. Bodies floating in fluids, of which water 
is the fluid with which men have practically to deal 
in doing their meehanioal work, are therefore under 
the operation of the law of attraction of gravitation, 
and exhibit the same phenomena, although under 
different circumstances and conditions. The points 
connected with the centre of gravity (explained in 
various paragraphs in the paper entitled " The Tech- 
nical Student in Mechanics") apply to floating bodies 
with which man has to deal in carrying on the busi- 
ness and supplying the wants of his daily life, in the 
transport of matmials from one port to another by 
the medium of the sea or of rivers and canals — 
those floating bodies coming under the generic terms 
of «'6hips" or "vessels" and "boats," the power by 
which boat! and ships ere psssed, forwarded, or pro- 
pelled from one place to another being either that of 
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oars, sails aotsd upon hy the wind^ or of steam. The 
ocmditions of safety, oonrenienoe of working co* han- 
dling, and the facility with which changes from one 
place to another can be made, depend upon three 
things: first, buoyancy; second, stability; third, speed. 
It is with the first two we have here ohiefiy to deal. 

Baoysasy and SUbiUty of lloatiag VmmIs or Boats or Ships. 

Bhrst as to ''buoyancy/^ And here the young reader 
will again peroeire what lessons may be learned or 
suggestions given by inquiry into the derivation of 
technical terma Thus the term buoyancy— by which 
every schoolboy almost intuitively understands the 
tendency which bodies have to float or be kept up in 
or raised out from the water — ^is derived from the 
French word houSef meaning a float,” or what we 
call by a name almost identical in sound and spelling 
— ** buoy,” that is, a floating body anchored at some 
particular spot to indicate the position of some 
obstacle or danger to sailing vessels.' And this word 
bouSe is itself derived from bcia, which in the French 
language means wood or timber. Just as if in early 
times our ancestors, having wood so readily at hand, 
and comparing it with stones and other heavy bodies 
which sank in water, conceived the idea that wood 
was the only body which floated, or would not sink — 
or at all events that this material, was the one with 
which they had in their work chiefly to deal, as com- 
pared with stone and iron, and therefore took it as the 
emblem of the power to float or keep from sinking. 
We have seen in preceding paragraphs upon what 
principles the ** buoyancy ” of a body placed in water 
depends — the displacement of a volume of water, and 
the weight of that volume. The “centre of buoyan<gr” 
of a floating vessel is a point coincident with the “centre 
of gravity” of the body or the mass of water displaced 
by the vessel, as the point h in diagram 5, presently 
to be given. It will be seen from what has yet to 
be stated that this position of the centre of buoyancy 
flows from or is a consequence of the condition 
of the forces acting in the case of a body floating in 
water. The “ stability ” of a buoyant body or of a 
vessel floating in water depends, then, upon the relation 
of the form of the body to the body or volume of 
water which it displaces. Both of tixose are acted 
upon by the attraction of gravitation, or, to use the 
simple term, gravity, and in both the points connected 
with the V centre of gravity,” as explained in the 
paper on “The Principles of J^lechanios," are illus- 
trated. The reader will there learn how “ stability,” or 
the firmness in position (the word being derived from 
the Latin iiaUtitae^ and this again from atahilii, 
which means firmness) of a body normally at rest 
depends upon the form of the body and the relation 
of the centre of gravity to the haae upon which the 
bo4y rests— that the plane surface forming its 


foundation. The water in which a body floats is 
mobile, and therefore easily admits of the change of 
position of the body ; for, as the presstue of a fluid is 
equal in all directions, as we have already shown, so 
movement of the fluid in all directions is equally aeiy ; 
it thus gives way, so to say, in any one direction to a 
pressure or force exerted upon it as easily as it does in 
another direction. The water in which a body floats 
presses equally upon that body in all directions, so that 
any body whi^ is of the same weight or speoiflo gravity 
(for this latter term see also the paper above named) 
as the water in which it floats is at rest in eveiy 
position, and no matter at what depth of water it 
may be. The young reader, therefore, who studies 
what \nll be given elsewhere in this work under the 
head of the “ centre of gravity,” and what has been 
here said under the preceding paragraph, will see how 
the stability or firmness of position under pressures or 
forces acting from either side, and tending to push 
them over or aside in the directions of the horiaontal 
arrows, will be different in the different floating bodies 
shown in diagram, fig. 4, the centres of gravity of 
each bemg indicated by the points a, h, o and d. But 
we have said that the stability of a floating body 



Fig. 4. 


depends upon the relation which it has to the body 
of water which it displaces. We have seen the 
mechanical advantages of considering that a force 
such as that of gravity acts upon a single point only 
in the body, although of course it acts upon the 
whole body; and this single point is called a “centre,” 
as the centre of inertia, centre of percussion, and the 
like. We have in like manner the “centre of buoy- 
ajuy,” to which we now direct attention. 

Tkf Osatrs of Baojaney. 

We know that the centre of gravity of any body is 
found on a line which is vertical and pointing to the 
centre of the earth. Thus the lines a gtbh,ci and 
djf in diagram, fig. 4 , are those on which the centre 
of gravity lies. Those bodies, then, are forced, as it 
were, downwards, or have a tendency to sink in the 
direction of ^es a g^bh, etc. But we have said 
that the volume of water displaced by any body 
presses (see a preceding paragraph) upwai^ upon the 
floating body aa on the base I m in diagram, fig. 4 , 
with a force equal to the weight of the volume, whieii 
is the same in amount aa the weightnf the floating 
body. 
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Ontl&Mtbn of tn^ssti fvr Oopflttf T smi tid trait. onuanental subjects, we now come to a beautiful simple 
Js oontinuatioii of « our ezamples for '^oopjinft’’ form of a Greek yase (fig. 26 ante, p. 201), which it is 
and serving also as bases for woik in dengtiing of hoped tbe student will very oarefuUy draw, and study 
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S2S TEX OMAmSSTlL p&AmmSMAS. 

tiieform. Xt is drawn the sue of .the atigiaal, m is above the vartioel lines. It is drawn tiie same sirie 
26, like it ie made of light xed earth, aikd as the original, and a ahowa plan of upper enr&oe of 
unglae^. mouth. B%l. 29, 20, 91, and S2 are butUne draw- 

27 ifl a small PhoenioiBa me or jug with one ings of fruit from nature, which we hope the student, 
handle. It has twojines round the neckband two will eeiy oarefoUy copy. iPigs.29 and 80 the apple, 
more below the handle; there is also a line running side and top View, fig. 81 a lemon, and fig. 82 a 
round on the flat part of the top; they are of a pear. 



bro w n colour, the clay is a warm drab. iRg. 28 is etuemtu lirtt itiaiis In Onsasat. 

alio a Phmninian jug, but very dissimilar to the last ; Wgs. 88 to 88 inclusive bring before the student 
the neck is deoorat^ with irregular bands drawn his first .study of ornament. P^gs. 88 and' 84 are 'the 
round it, while the lines on the body are vertical, well known moulding called the ^ogg end tongue,*^ 
running into a broad band round the middle the or " egg and dart,** in ordinary praotise ; in arohitee;* 
jug, and not continued below it, the lines below tural works end in leetures on ornament it isissllol 
altomate-4hat is, there b blank qpaoe below and the ^^eeUnus'* SK^dfog. 
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TEE GEAZIBS A5D CATTLE BBSEDEE AES 
FEEDEB. 

TKS TBOHNIOAL POIKTB OONKICTBD WITH THB YAHXBTIllS OB 

Bbbbds of Oattlb— Tbbib Bbbsdih Gf BniiBrarGf Fbsd- 

XIRQ, AHD GBSEBA.L MABi-GEMBBT FOE THB PBODUOTZOK 

OF BtTTCHBBS* MEAT 1I7D OF BAIEF PBODUOX. 

OHAPTBR V. 

Ik oontinuation of the early histoiy of the shorthorn 
breed, in the last paragraph of the preceding chapter, 
we have now to note that the place next to Bates, and as 
many maintain, in precedence of him, in the practical 
work of breeding was taken by the great rival to 
his fame— John Booth of Warlaby, whose career 
also as a great prize-winner for improved shoHhorns 
began when, or about the time when, Bates had 
retired from the scene of hia triumphs in this direo* 
tion* The Booths as a family had long been held 
by the farming public, especially that of Yorkshire, 
as shorthorn breeders of distinction. The herds of 
Killerby and of Warlaby, destined to become so 
oelebrated, and the founders, so to say, of a school— 
that of the Booth blood,” the adherents of which 
still keep up a rivalry more or less keen with that of 
the opposite camp, tlxe ** Bates blood” — were founded 
so early as the year 1790 by Thomas Booth of Warlaby, 
who at that period had cows of the breed of a very 
high class, though, like some of the animals of other 
breeders, they could boast of no recorded ** pedigree.” 
But Booth got for his herds one of the best bulls 
of Bobert Oolling, and hired other well known bulls 
of the Bampton breed. At the Ketton sale of Oharles 
Oolling^s herd, already alluded to, he purchased, for 
no less a sum than two hundred and seventy guineas, 
the bull Pilot,” of the ** Wellington ” strain, and 
this animal turned out to be one of the best bulls 
Booth ever had. After this he always bred the 
bulls in his own herd from this blood. BUs sons 
Biohard and John took up and followed out the 
breeding which their father had inaugurated. Bichard, 
after his father’s death, removed to his father’s farm 
at Warlaby, and took up the herd which had there 
been established by his father. John farmed at Kil- 
lerby, at which place, with his father’s experienee 
and help, he established a lierd. In 1834 Biohard 
sold his herd, and his brother John began soon 
thereafter to take up the highest position aa a prize- 
winner of the breed, from which position he retired 
in or about the year 1657. Of the founders of these, 
the two great modem schools of shorthorn breeding, 
Bates went in for fineness, indeed elegance of general 
form, and spirited, or what is called high-bred or fine 
aotio]i— that is, poM and gait ; the Booths made their 
great points oompaotness of ftame> with great depth 
thickness fiesh, the high development of the 
fore flank being a marked peouliari^ of their best 


bred animals. Time and space both failing fiSi we 
regret exceedingly that we cannot give any of the 
details of the work done by, nor note the various stqMi 
in the progress of the great breeders we have now 
glanced at. Those of our readers who are anxious 
to know more than we have given will find a vast 
deal of most interesting inforination, both as regards 
historical and practical points, in works specially 
devoted to the branch of farming connected wiih 
live stock or with cattle. We proceed, therefore, to 
take a somewhat detailed glance at the 

Feoaliailtisi or Fhjiioal Okazaoteristloi of thf Bhcrtkom 
Breed of Fattening Cattle. 

The shorthorn ox of which we gave an illustration 
in fig. 1 (see preceding chapter) is pre-eminent for his 
fattening capabilities coming to maturity at veiy 
early age, giving the largest yield of s^eable meat 
at the lowest cost. His frame is large, with all the 
points well set and developed, most favourable for the 
laying on of beef, giving the best and finest outs. 
The legs are short and well set in the frame, giving 
a full development of the chest and vital region ; the 
bone of the fore-leg below the knee fine and well 
turned, and where it joins the body at its upper 
port the fore-leg — technically called an arm — broad 
' and tapering, merging into and level with the girth. 
The hind-legs should be straight, or nearly so, and 
well placed under the body. The set-on of the legs 
in conjunction with the well-developed frame of a 
fine well-bred shorthorn give a stateliness of general 
dimension — ^in its pose and walk what horsemen would 
call ** fine action ” — which is looked for in those who 
choose good or the best animals, The head should 
have a tapering muzzle, broad open forehead ; while 
the placid and prominent eye is always a marked 
feature of the breed. The head should be set well 
on. the neck, and this not too long, and merging 
gradually into the shoulder. As already stated in 
the preceding remarks on form in cattle, the general 
appearance of the frame is level, with uniform — ^not 
patchy — development of flesh. The setting-on of the 
tail in the manner yet in a future paragraph to be 
described and illustrated is always a point looked at in 
the shorthorn; but while this is a sine gu4 non, and 
so set that it gives the square form to the animal at 
the t^rist, and giving side bones of height sufficient 
to carry the flesh well up to the level of the quarter, 
there should not be any marked redundancy of deve- 
lopment which malces the separation of the rump from 
the quarter a marked feature. The hip-bones should 
join the quarter and {bIbb ribs so gradually, and be 
merged ao completely and without any marked feature, 
that it should not be ea^ to point them out. The 
ooloQF of the shorthorn varies much, from a pure white 
to reddish-yellow, and patched or spotted or marbled 
in red and whiter a red roan or bright red, or a spotted 
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roea» Spine object to the pure white colour, but if 
this be choeen bj some it is considered as an essential 
that the mussle or nose be blaok: a pure white in 
colour with a red nose would be put out of court at 
once hj some breeders, while any black on a short- 
horn would be so bj others— and this was a point of 
belief among the early breeders — being consider^ as the 
mark or evidence of a decided taint in the blood (see 
a remark on this point below), It may be interesting 
to give here the description of the characteristics of 
the shorthorn as accept^ by the best of the breeders 
at the end of the last and the beginning of the present 
century— by which time, as we have seen, the breed 
bad b^ established in its modem form, and many 
celebrated animals existed by which its fine charao- 
teristioB were remarkably exemplified. The following 
is by the authority we quote : — “ The many judicious 
breeders, who have immediately succeeded each other, 
glowing with increasing emulation, have brought the 
stock now to a pitch of excellence that was never 
before known in any breed of British cattle, when 
the accumulated points of perfection are considered, 
whether as to beauty or profit. Such is pretty well 
demonstrated by referring to an extract of Mr, Charles 
Colling’s sale, in which it appears that forty-eight 
head of this highly cultivated stock, bred by himself^ 
fetched £6067/* ‘^Tlie shape is now brought,** says 
our well informed authority, ^^to a high state of 
perfection: a straight back, springing ribs, and fat 
loins (consequently the hip bones, though broad, 
scarcely appear to project), a fine thin head, light 
neck (not t^ long), deep in the brisket, broad in the 
chest, round barrel, with fine bone, and so gimp or 
light in the belly, as, in some instances, to appear 
high on the hind-legs. This is a very distinct point 
in the breed — a shape quite contrary to a hollow back 
and swaggering belly, common in b^-shaped animals. 
The hide possesses a certain mellowness that indicates 
the best quality. In respect to colour, there are 
many fine beasts of this breed quite white. Such is 
a celebrated Martin heifer, which is now travelling 
as a show, and which, as an example of fatness, was 
never excelled. Mr. Neasham's celebrated ox is white; 
also * lily,' bought by Mr. Bubb, The external white 
of these cattle rises, out of a golden pile next the 
skin, which gives a very rich and mellow appearance. 
Hie muzzle is uniformly flesh oolour ; any blaok, even 
a single spot, would throw suspicion upon the purity 
of the blood. The h6m, whic^ is small, is yellow, as 
are the hoofs. The colour now most esteemed is the 
white and brown mixture ; yet there are many distin- 
gdished individuals cl red, and red and white ; black, 
as has been observed, is absolutdy ill bred, whenever 
it appears.*’ 

the EizelM Breid sf I aneaiaf Cattle. 

Thii^ which is one of the most esteemed of the 


breeds of fattening cattle, ranks, in the opinion of 
many, as second only in meat-producing value to the 
shorthorn* Indeed, in view of the superior table- 
excellence of its flesh, jiossessing the fine intermixture 
of layers of alternate flesh and fat so much esteemed 
by epicures, it is considered by many to be superior, 
as a butcher’s beast,** to shorthorn. Be this as 
it may — and in this, as in nearly every other point of 
practical grazing, the saying **many men, many 
minds” holds good — there is no disputing the high 
value of the Hereford breed. It owes ito name to 
the county of Hereford, which is the peculiar locals 
of the class. That the Hereford cattle are an 
aboriginal breed or race, indigenous to the soil of the 
county ftom which they take their name, are points 
deemed by the first authority of the day on all matters 
connected with the breed — J, Duckham, Esep, M.P.— 
to be beyond all dispute. Bid space pei*mit, we should 
like much to give here a variety of most interesting 
information respecting the breed, from which, amongst 
other points, it would have been seen that it has 
enjoyed a distinct and decidedly high reputation as a 
fattening breed for certainly the whole period of the 
present century; though it would be easy to prove 
that they possessed a very distinct place in the regard 
of the grazier, and through him the butcher, for a 
period considerably anterior to the beginning of the 
century. When, in the year 1845, Mr. T, 0, Byton 
began the work of forming a Herd Book,” or pedi- 
gree rec^ord as it may be styled, for the Hereford 
breed, in oi'der to arrive at correct conclusions be 
found it neooHwiry to divide it into four classes of 
animals, each having its own physical characteristics 
as regards the oolour of the face chiefly. Those four 
classes were— first, the mottle face”; second, the 
dark grey ” ; third, the ** light grey or white ” ; and 
fourth and last, the ^^red with white face.” But now 
the breed is almost universally obaracterised by the 
last-named feature, ^*the red with white face,” a 
curious instance of how a certain class of peculiarities 
are by the breeders made to dominate others, and also 
how quickly this may be done. For it is worihy of note 
that a period of activity not exceeding a quarter of a 
century suflioed to extinguish practically the three 
first classes named above, leaving the last master of 
the field, and so completely that when animals of the 
first three classes are exhibited they are set down by 
those who do not know the early history of the breed 
as anything but fine specimens of it. Let us now 
glance at some of the points connected with the breed, 
an illustration of which we give in fig. 2. The parts 
which are white are the face, throat, chest, the lower 
pert of the body, the top of the toil, and the crest; 
so also are the lower parts of the legs. The ex- 
pression, countenance, or face of the animal is fine, 
pladd, and open ; a small red spot cm the eye is looked 
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apon fome as a marked evidenoe of good breedi ae 
a droular ^>ot of red in the oentre of the white 
of the throat. The horns of the bull or steer 
spring straight out from the forehead ; those of the 
cow are most ddioate in form, with a lateral op ride- 
wajs direction, curving slightly backwards, forwerds, 
or upwards, with the points turning in as if meeting 
or tending to meet over the centre of the forehead. 
In both the home are in colour yellow or white, dear 
and waxy in texture. The head is small when the bulk 
of the body is considered ; and the eye is quick aaid 
lively, yet conveying placidity of temperament— one 
of the first requirites^ as we shall hereafter see when 
we come to describe the details of breeding and 
feeding, in an animal which diould fatten quickly. 
The cheek is fine ; mussle white and fine. The bosom 
is prominent, in good proportion, and the chest deep and 
fulL The ribs are deep and well sprung or rounded, 



taina the eyes being rather j^jeering; tlieeye*|dla 
prominent and brisk ; the lids thin end well stored 
with eyelashes, whioh^ as in the human speoiee, give 
a general expr^on to the features. The setting-oii 
of the head and neck remarkably fine end elegant^ 
and afterwards progressively leading down to a full 
and deep bosom, guarded on each side by the points 
of the shpulder, l^g neatly let into the line of the 
neok, and inclining rather upwards^ so as to produce 
the even appearance which is so striking in the 
Herefordshire cattle, beginning at the dosing of the 
shoulders, and running all along the top of the chine. 
If a contrary shape occurs, and the points of the 
shoulders push downwards, the consequence is evi- 
dent : the neok appears out of proportion i the weight 
or strength which ought to be in the closing or juno^ 
tion of the shoulders at top is destroyed j and the end 
of the chine at that part is thin and hollow, so that 
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and level with shoulder point. The shoulder-blades are 
flati thin, md so well do they merge into or blend with 
the body, that it is difficult in a high-bred animal to 
indicate the points where they commence or aet-on. 
The l^s are straight and small ; the rump in a 
straight line with the back, and at right angles with 
the vertical line of thighs ; the tail well seton (see a 
succeeding illustration under the head of ** Breeding ’*).> 
The coat or hide is thick, yet giving a fine and mellow 
touch ; the colour of the hair re^ with fine glossy 
tint, and ^having a tendency to curl or be wavy. 
entering more in detail, and as also giving the reader 
much information on points in fattening cattle gene- 
rally, we here give from a high authority the following 
deception of what a good ^tening Hereford animal 
■hpuld be 

** The face should be long and taper, the middle of 
the forehead broad, and rather inclining inwards, 
which is eflwted by the hollow cf the skull that con* 


the whole frame forward is completely deprived of 
that due symmetry it ought to possess. The ribs, all 
the way from the part just alluded to, should begin 
pretty early to project alter its junction or springing, 
forth from the backbone ; and this effiwt is more 
especially neoeasaxy in what we call the first rib, or 
that near^ the hip, which cannot be too broad and 
projecting, and should be pretty near the hip or free- 
bcrne. By this early inclination to project, the upper 
part of the ribs support a full ohi^ which is as 
great value as any, in the scale of provision, axld 
cannot bear an equal apparent weight, in a fiat or 
weok^ded oow or ox ; and by the first rib and h^ 
coming near altogether, the under kan is kept up and 
su{^Kxrted to the hand of a AQfol jud^ which* 
though a beast may be fat, cannot be equally ihe^ 
COM where these two parts a^ far asmider, and there 
is a disproportionate vacuum. 

** 1 next come to remade the rituation of the . 
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boQMi which 1 look upon to be the tnoet 
parts to add beaul^, weight, and yalud to oveiy sort 
o! beast that comes under the description of homed 
cattle. tHiese cannot stand too wide, or in my idea 
too high on a level with the top of the back, running 
straight for the two extremities, fhe distance to the 
point of the rump should be longi taking the aitch* 
b^es upon as exact a level as possible; for whem 
these project, or come out at all so as to equal the 
prominence of the hip, it is impossible for a beast to 
come well to handle, aa they will be hard and similar 
to most bulls to touch, and oannot get fat in those 
points most requisite to make a fat animal desirable. 
The point or ends of the rump on each side the tail 
should when poor be well supplied with loose skin, 
and be soft so as to allow room for expansion, as the 
creature progressively fills out in feeding; and those 
points should stand rather high, so that the root of 
the tail may be guarded on side; for when this 
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The following gives the dimensions of a good 
specimen of the best of the earlier breeds : Length-* 
from the rump to the extremity of the hip-bone, 
2 ft. 4 in. ; poll to the tail, 7 ft. 6 in. ; face, 1 ft. 
9 in*; horn, 1 ft. HeightF— fipm the ground to the 
dewlap, 1 ft. 6. in. ; to the brisket, 1 ft. 8 in. chest, 
2ft.; of the hind-quarters, 4 ft. 7 in. ; shoulders, 
4 ft, ; knee, 13 in. ; hook, 19 in* Breadth — across 
the face, 11 in. ; the hips, 2 ft. Qirth— round the 
chap, 1 ft. 10 in,; cheek and forehead, 3 ft* 7 in.; 
neck, 3 ft, in. ; chest, 6 ft. 9 in. ; knee, 14 in, ; 
bone of fore-leg, 84 in.; bone of hind-leg, 9^ in, j 
coronet of fore-foot, 15 in.; of hind-foot, isj in.; 
hock, 174 in. ; hom, 10 in* 

Tbs Stvsa Breed of f attenlni Cattle. 

Thid is the third in our list, but not the lesit 
esteemed by some breeders— who place it, indeed, the 
first in their list, from the high quality, the ** juicy " 
nature of its flesh (see fig. The b^t and purest^ 
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is not the case, and the points of the rump are low, 
the tail stands high and disfigures the animal, and 
they seldom are so well inclined to load with fat on 
that part. There are grMes at the setting-on of the 
tail, which should rather project on each side, even 
when cattle are poor, as X have ever observed they 
accumulate much more fat in this part, which is very 
essential to the eale of a beast. TheM cattle are 
generally short, and full in the thigh ; for where 
th^ are of a contrary shape, they never fill out well 
ifi the twist, or that part leadii^ from the tail to the 
udder of a cow, which is of infinite oonaequenoe to 
the weight of the round of beef, after the animal is 
abmghtered. 

**I^t it be pbeerved, that the bcme being small 
below the knee and hock is a singular perfection ; 
and it commonly happens that the fattest animals 
have the most slender bonee to suppmrt their 
weight.” 


specimens are met with in North Devon. They are 
small animals as compared with bulkier breeds, but 
they have so fine an action, or elegance, in their 
movements, that they have been called the ponies ” 
of the breeds of fatting cattle. They are pectuliarly 
well fitted to make the most of the feeding obtained 
from the hilly and cold pastures of their native county, 
and give a quality of butcher’s meat from them of so 
high a character that it stands second to none in the 
estimation of the butchers of London. The South 
Devon is a larger and somewhat coarser breed than 
the North Devon, it having its origin in a cross of 
<, the pure North Devon with a larger breed called the 
•*old Marlborough red,” A cross of this with the 
South Moiton breed is scdd to give finer results than 
when the pure South Devon is used. The colour of 
the North Devon is red, or a medium red, the coat 
or hide bemg peculiarly fine and silky, with a ten- 
det^ to curl, when the animal j» in good condithm* 
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TEE CAUOO TBIETES. 

Thv GHEMIBTBY Ain) TAOHKICAL OPEBATXOK0 07 HXS 
Teade, 

CHAPTER VI. 

We bow proceed, aa promieed in last chapter, to point 
out bow the printing machine works. And in doing 
this the first point we take up is 

The OyUndar ^‘lapping.” 

The cylinder, or printing surface, as we have ez* 
plained before, is wrapped several times round with 
thick finely-woven ootten or linen or woollen fabric 
called ** lapping," to the depth of about half an inch. 
This cloth must in all cases be of the best description 
as regards material and weaving, as, owing to the 
enormous pressure and grinding or friction that is 
brought to boar upon it, inferior lapping does not 
last long, and causes loss of time by necessitating the 
printer renewing it frequently. 

The durability of the lapping made use of, however, 
depends, to a great extent, upon the skill and care of 
the printer in its adjustment. Lapping, if badly put 
on, is apt to shift and tear, which causes serious loss, 
as the machine has then to be stopped, and sometimes, 
to put matters right, the rollers require to be taken 
out. 

The first point a printer looks to in beginning his 
work, therefore, is to adjust the lapping. Next the 
lapping I'uns the blanket or finely woven thick woollen 
doth, forty or fifty yards long, the ends being carefully 
sewn together by fine woollen thread, so as to avoid 
a thick seam and form an endless web. Instead of 
w^llen.cloth, the Mackintosh blanket is now generally 
employed; this fabric consists of several layers of 
calico cemented together by solution of india-rubber. 
In the latest modem machines the blanket is entirely 
omitted. These being properly adjusted, the mandrels 
are fitted into the copper rollers, the necks of mandrels 
placed in their hearings, the box-wheels are next 
fastened to the mandrels, and the whole screwed loosely 
against the printing surface. 

Pitching the BeUeri, 

If there are two or more rollers in the pattern, the 
pitch-pins or guide pin-points in the rollers are then 
looked for, and roughly |daced in position so as to 
fall one on another, so that the different parts of the 
design fall in their, proper places, according to the 
printer’s judgment — ^whioh is an art attained only by 
long practice. If the engraving is good, this may be 
done very accurately. 

These or guiding points are simply 

pin-holes made on the surface of the roller during the 
processes of engraving, in order to show the fitting of 
one colour with another. 


Adjuttef the Soeton, etc. 

The rollers being pitched, the colour-boxes are now 
placed in position immediately below the rollers, the 
fwmUhw pressing against the oopper roller with the 
proper degree of pressure. The are now 

fixed on the opposite side of the roller to the clearing 
doctor. The coUmr is placed in the hmee^ aIld‘ th^ 
doetore are put in position ; the printer adjusts them 
BO that they press perfectly “ true ” on the roller; the 
weights are then placed on the doctor hverOf according 
to the weight which the thickness of colour being 
printed demands, and according as it is required that 
the colour should or should not show on the other 
side of the cloth. The “ haoh-grey ” is next drawn in— 
that is, a piece of unbleached cloth running between 
the cloth to be printed and the blanket (which runs 
mth it), for the purpose of keeping the edges of the 
lapping clean. The large screw which moves roller, 
colour-box, and doctor, is next adjusted, so as to press 
roller against cylinder as required, and the machine is 
put in motion. The printer stands in front of the 
machine, screw-key in hand, and as soon as the im- 
pression appears upon the grey, he stops the machine 
and examines the impressions produced by the various 
rollers, and shifts the rollers by means of the various 
screws ah'eady described, until, by again starting the 
machine, and repeatedly adjusting the rollers, the 
various colours of the pattern are all in their right 
positionB, so that the impression on grey agrees exactly 
with the design. This being accomplished, the white 
piece, for printing upon, is next drawn into the 
machine, which of course now does its work. Generally 
at the beginning of the white cloth is sewn a short 
piece of cloth, called a drying or trying piece, which is 
for the purpose of seeing whether the extra thickness 
of cloth thus introduced ^ill cause a slight difference 
in the fitting, and if so, it is adjusted, and the print- 
ing proceeded with. After the printing machine is 
started, the printer should not leave it, but should 
stand in front of the machine, screw-key in hand^ 
and by shifting first this roller and then that, 
as they are disturbed by thin and thick places in 
the cloth, keep the printing aa nearly absolutely 
correct as possible. 

<«Uisflti” of the BoUeri. 

Notwithstanding all the late improvements in 
the details of the construction of the machine, 
and allowances" made in the engraving, slight 

misfits” cannot be wholly overcome.' These minute 
and frequently unavoidable inaoouiacies, technically 
known as misfits, are caused by a variety of compli- 
cated cirouxnstanoes, and to compensate for them by 

allowances" in the engraving of the rollers in many- 
coloured designs is one of the triumphs of modem 
printing. . 



TSX CALICO PSJUTJEB. 


BMk Ttntiaf. 

The back tenter is tbe operative who stands at the 
beick of the printing machine, and whose duty it is 
to guide the white piece of calico straight, and without 
sorimps or double edges, and keep it at a regular dia- 
tanoe from the edge of the lapping. The back tenter 
has no help further than bars and scrimp rails, between 
which the doth runs, and is thus stretched $ and also 
a break upon the end of the axle which carries the 
roll of cotton, or arrangement keeping the cloth at a 
uniform tension by compensating for the difference in 
rate of revolution of axle, which of course takes placo 
as the roll diminishes in size. In other words, the 
break slackens the axle in proportion as it is required 
to revolve quickly, owing to the diminishing roll of 
cotton on it, m order to meet the supply of cotton to 
the machine, 

Allowsnoe for Xlaitiolty of the OaUoo. 

By the modem methods of bleaching and shearing, 
the calico is rendered so elastic that, if not kept 
regularly tight, it would gain or lose between the 
first and last roller, thereby causing a misfit. Even 
with every precaution and care there is always a 
certain amount of stretching of the cloth between 
the first and last roller, and an allowance is made for 
this in engraving the rollers, so that, for example, the 
circumference of the last roller, in a many-colour 
machine, is made a shade grecUer than that of the 
first— the entire engraving of it being of course pro- 
portionately enlarged in the direction at right angles 
to the axis of the roller. 

Im^ortanoe of tbo Book Ttntor, . 

We need not enter into the details of the routine 
of the back tenter's work, such as taking out the 
rollers, etc., since this would have no interest for the 
untechnical reader: suffice it to say that he is as 
indispensable as the printer himself, and that it is 
almost as important a point to have a good back 
tenter to any machine as to have a good printer, 
moM especially in the case of machines of many 
colours. 

The Back-Grey 

is wound on a beam taming in a frame at the 
back of tbe machine, and behind the spot where the 
back tenter stands during the working of ' the 
machine. After passing through the machine, the 
back-grey separates from the printed cloth, a am all 
wooden roller being between, and after drying passes 
again to the back of the machine and is wound upon 
an axle in the frame, and when the first beam with 
its roll of gr^ cloth is nearly exhausted this second 
one is lifted in its place. 


m 

Biybig ifosr Pilntlaf. 

When the newly-printed calico leaves the machine 
the colours are, of course, moist, and require to be 
thoroughly dried before undergoing any farther 
treatment. The old method of doing this was to 
pass the cloth through heated rooms; but this has 
been entirely superseded. The drying apparatus now 
employed consists of a number of closed wrought- 
iron tall steam -chests, about in, thioki with | in. 
cavity, through which passes high-pressure steam. 
Shortly after the cloth is printed it passes up through 
an opening in the roof of the printing-room, above 
the machine, into the drying-room, and passes just 
over, but not in contact with, the largo steam-chests, 
the unprinted side being next the surface. It 
passes thus over a very large drying surface until 
quite dry, or nearly so, after which it may without 
danger be passed over with the printed side under- 
most. Since the colours must be perfectly dry before 
passing from the printing, it is essential that the 
steam-chests be large enough to completely dry the 
cloth when passing over them at the quickest speed 
at which the machine prints. Hence the drying 
axTahgement must be able to keep pace with full- 
speed printing. The printed calico now passes down 
into the print-room at the back of the machine, and 
is folded straight by a simple folding motion watched 
by a boy. The ba^-grey is generally dried separate 
from the calico, over a large drum steam-chest, from 
which it passes down to the back of the machine by a 
different opening to that of the printed piece, and is 
received on an axle as before explained. The baok- 
greys are generally used two or three times without 
washing; but of course this depends on the nature of 
the colours printed, and on the amount of colour 
printed on the cloth. The back-greys are then 
washed and bleached and used for printing, 

The Brlviuf of Printing Kaohlnoi. 

New printing machines are now generally erected 
with a separate engine to each machine, so that the 
printer can get any required speed to suit the 
pattern. This is a great improvement in modem 
calico printing ; all old machines were driven by shaft 
and cogged gearing from the ordinary print-works 
engine, and by an arrangement of different-sized cog- 
wheels three speeds could be commanded — the slow, 
medium, and quick. The starting of the machine^ 
however, causes violent jerks, which shake the whole 
machine, and sometimes cause the rollers to shift; 
which is entirely got rid of by the use of strata 
engines. 

In our next chapter we shall proceed to describe 
tbe different prints and styles adopted in the practicat 
work of calico printing. 
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CHAPTER IL 
White XiMdt Xte CNnnpMitte&i oto. 

WdxTB lead u a oompound of somewhat variaUs 
oompoaition, as may be judged from ikt manj distinct 
qualities to be found in the market* Essentially dry 
white lead is a mixture of carbonate of lead, PbOO,, 
and hydroxide of lead, Fb(HO)|* It is a pigment of 
great wbi^ess, opacity, and weight; hence it forms 
the best white, possessing great covering power and 
body or density. It is used as a white, and as the 
foundation or l^dy of many other pigments ; thus, it 
is mixed with chrome yellow for alight shade, or with 
chrome green for the same purpose* 

White le^ is very pbisonous : taken in small doses, 
either into the stomach or through the skin, it causes 
the well-known disease of lead colic, and in larger 
quantities proves fatal* The usual remedy for lead 
poisoning is, we may add, the cautious use of very 
dilute vitriol, or sulphuric acid, which, decomposing 
the carbonate and hydrate, forms sulphate, which is a 
harmless oompound, or comparatively so* White lead 
blackens when exposed to sulphuretted hydrogen gas, 
which is given off by the combustion of coal contam* 
ing sulphur, and frequently contained in coal gas* 

Xanateoters of Whits LstA by tho Timsatetloa Frooesi* 
When lead is exposed to the damp air for some 
length of time, it becomes coated with a white layer. 
This is white lead. Its formation is greatly facilitated 
by the presence of acetic acid or vinegar. In this the 
' carbonic acid of the air effects the conversion of a 
portion of the metal into the carbonate and hydrate* 
One of the methods for the commercial production is 
an application of these facts, which is still largely 
carried on in this country and abroad, although 
mostly superseded by the later and better processes. 

A series of brick chambers or stacks, which gene- 
rally measure about 26 feet long and 14 feet broad, 
is employed* Two sides of each stack are provided 
with a d^r for the filling and emptying. The floor 
of each is covered with a layer of porous ashes. On 
the top of this is laid a bed of spent tan* Above this 
are placed blocks of wood about 16 in. diameter, and 
earthen pots between them, resting on the tan, and 
so supported by the blocks. The pots are placed close 
together over ^e entire layer, except a space of about 
aix inches along the rides* The pots are ‘filled with 
dilute aoetio add or weak vinegar, oontainibg ^ to 
I of 1 per cent, of aoetio add, 0 jH 40 j. Narrow 
boards of wood are now* laid on the top edges of this 
layer df pots, and on them a layer of thin sheets of 
common lead to the depth of 6 or 6 inohea, A few, 


inchesdiigher ^ere is a wooderi shelf bearbig another 
layer of tan, and a similar anangement of blooki of 
w^ supporting a layer of pbts oqntaining dilute 
vinegar. Ten or fifteen rimilar layers— first riielf 
holding a layer of ten, then pots, then lead-^are built 
up on the top, until the roof of building is reached 
within a few feet. This bring done/the apace of rix 
inches left between the walls and pots is filled with 
dean straw* The doors or stack holes are dosed, 
and the building oom^detriy closed in, except where 
ventilators are provided by which a limited change of 
air takes place* The building is now left undis- 
turbed for several weeks, after whidi the doors are 
opened and the white lead formed is carefully 
removed to the washing dstems. Before following 
it farther, we will now inquire into the chemical 
changes which have taken place whereby the riieete 
of lead have been converted into white lead. 

The Theory of White Lead Xakiiif . 

It is well known that lead exposed to damp air soon 
becomes coated with a white powder* This is the 
white lead,” the production of which cm a com- 
mercial scale we are now treating of. The air always 
contains carbonic arid and moisture, and it is these 
that cause the surface of bright metallic lead to 
become white, by converting a portion of the surface 
of the metal into carbonate and a portion into hydrate 
of lead. Hie fermentation process of 'manufacture is 
' an application of these facts. The slow fermentation 
or rotting of spent tan gives rise to a large amount 
of carbonic arid and water-vapour, accompanied by a 
oonriderable amount of heat, under which conditions 
the thin sheets of lead laid in the ** stacks ” quickly 
become converted into white lead ; the action being 
much accelerated— as found by experience — ^by the 
presence of aoetio rvoid vapour. 

The Trastteri TtslA of White Lead by the Farmsatatieu 


The amount of metallic lead which is actually 
converted into white lead each time^ the stacks are in 
operation does not exceed, as a rule, 60 to 70 per cent, 
of the charge. The use of thinner sheets of lead, and 
a more careful disposition thereof, does increase the 
yield from 5 to 10 per oent*, but this is not usually 
done in practice. Hie lead unacted upon is used up 
in the next charge. ' A stack covering an area of 
20 X 12 feet, and holding 15 layers of lead, xequiies 
from 40 to 45 tons of lead to fully charge it ; which 
after the process weighs from 48 to 49 tcms, or ah 
increase of 20 per cent. Each layer of a stack of the 
above dimensions requires about a thousand pots 
inches diameter containing the diluted vinegar. 

The VUaar ar Oay-OhloriAe Ihresais of White LsaA lUkhig. 

The fermentation process qf lead making may bo 
said to be no w superseded by the more expeditious anid 
more accurate pa*ooais known as the BtOner or oa^ 
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oUoride mthod — latter oooupies lees than two 
dayi, whllat the fomer reqairee several weeks. The 
writer was informed by every large white lead manu- 
facturer that this process^ which he had employed for 
some years, was cheaper, (leaner, and in every respect 
more satisfactory than the older methdd. 

When certain proportions of litharge or protoxide 
of lead and common salt we ground together in a mUl 
with water, an oxy-ohloride of lead is formed, together 
with caustic soda. The former lead compound by the 
action of carbonic add is converted into white lead. 
The commercial process is an application of these facts. 
For every 780 lb. of dry flake litharge, 98 lb. of 
common salt dissolved in 150 gallons of water are 
placed in a wooden pug-mill, made of pine or elm, and 
the mixture is continuously ground together for three 
hours* The mass gradually thickens until a point is 
reached when it begins to become of thinner con* 
sistence, which is indicative of the completion of the 
reaction. The white paste is now run into a large 
cylindrical irqn carbonator,” which is lined with 
sheet lead and provided with large wooden agitators 
or paddle* The agitators are now set in motion, and 
a stream of carbonic add gas forced into the pasty 
from a pipe passing through the bottom side* 
Shortly after the mass ceases to be of alkaline reaction, 
the stream of gas is stopped. The exact point at 
which the carbonic add supply is out off is one of 
great importance, as upon it much of the quality of 
the flnished product depends— -either too much or too 
little oarbonio add is injurious. The gas being stopped, 
the white mass is run into large kiettling tanks and 
subjected to a series of washings by decantation, by 
about eight tanka. The water from the seventh wash- 
ing runs into the first tank, which is run off and fresh 
water run into the others. The water from the last 
tank is run into the second. The white lead being 
thoroughly washed in this manner is subjected to 
grinding, in order to reduce to powder the lumps which 
the washed product always contains, and is then dried, 
when it is ready for the market. 

Yalaatioa or Xostiag of WUto £oad. 

It the white lead to be tested is mixed with oily or 
resinous matters, these must be completely removed 
previous to examination for impurities. The best 
method to effect this, as a rule, is to extract with 
ether. To eecertain the value of a sample of white 
lead it is not necessary to have a full chemical analysis 
of its and even if it were desirable, it alone would 
not determine the value of the material for practical 
purposes. The usual method of testing is 8im|dy to 
niac some paint with a weighed portion— say Tlbw— 
of the sample, and to takp the same weight of a good 
M^mdard sample of white lead, both mixed in exactly 
the mme way, and to paint an equal surfooe of wooden 


board with these two paints, using in each case the 
whole of the paint mix^ When dry, the two white 
boards are compared, and the obsemtion is made 
whether the sample is as good as the standard* 
This oomparative test shows the whiteness, covering 
power and density of the sample, and also whether it 
differs in drying properties from the standard. This 
method of testing, when combined with the following 
inmple test, will be sufficient to jud^ of the value of 
samples of white lead. To test for baryta white, or 
gypsum, or china clay, the sample, either dry or mixed 
with water, is warm^ in a test tube with dilute nitric 
add, when the lead will completely dissolve with effer- 
vescenoe, leaving undisBolved a wHte powder if any of 
those three foreign bodies be present. Many white 
pigments in the market — for example, those known as 
Holland, Venice and Hamburg whitest — are mixtures 
of white lead and baryta white. 

To distinguish sulphate of baryta from sulphate of 
lime the residue insoluble in dilute nitric acid is 
thoroughly washed with hot water and boiled with a 
strong solution of carbonate of soda. By this treat- 
ment sulphate of lime is converted into carbonate, 
whilst baryta sulphate is unacted on or not appred- 
ably. The residue is thrown on a filter, and washed 
until perfectly free from the soda salt. Dilute hydro- 
chloric add is then added to the residue. If effer- 
vescence occurs, sulphate of lime was present. The 
acid filtrate is made alkaline with ammonia, and oxalate 
of ammonia added; white precipitate confirms the 
presence of lime. 

OldsotiOBi to the Vis of Whitt toad as a Pigment, 

The two objectionable qualities of white lead paint 
are well known and well disliked — ^namely, its poison- 
ous nature, and its property of darkening when exposed 
to fumes contsiiiing sulphur. A third disadvantage 
possessed by white lead as compared with sine whites 
is its tendency to lose its colour in course of time; 
but as to this defect we have already referred, we 
shall pass over it here, and treat only the other 
objections. 

Lead compounds, including white lead, form a black 
sulphide when brought in contact with moist sulphu- 
retted hydrogen or sulphide of soda or ammonia. 
Ooal gas, even in the condition that it leaves the gas- 
works, generally contains traces of sulphur compounds, 
*Most qualities of burning ooal also contain sulphur, 
which is partly given off in sulphurous fumes on 
burning, which act on white lead; and there are 
other sources of sulphur-vapours, all of which injure 
pai nti ng containing white lead. Neither adds nor 
Alka.li^ destroy the dark colour that white lead acquires 
by sulphur. Hence in this respect it is i;nferto to 
sine whites, which are quite unaffected by sulphur 
fumes. 


voux. 
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OHAPTEB in. 

lir the preceding chapter the laet paragraph was 
headed ^*Ooloar in Decoration — ^Importance of the 
Subject/' To this we now direct our attention. Of 
all the gifts whioh> beneficent Creator has bestowed 
upon inan> that of the appreciation of colour and 
ddight in it is one of, the greatest, While it is 
one of the simplest and most enjoyablej and which 
carries with it the purest of feeling, it is one also 
the most readily obtained, for it abounds every** 
where,— in the tints of the sky, in the green of the 
fields, and in the thousand tints and tones of the 
flowers with which their surfaces are covered. And 
one point in what may be called study of colour is 
veiy noticeable, that the delight which the musician 
finds in the harmony of sound, the student will find 
exemplified in the pleasure derivable from the har- 
mony of tints and tones in all masses of colour. 

Beflnltba of the Ttm ** Oolotur.** 

By colour we mean harmonised pigments, or what 
are popularly called paints or colours. Now, the pri- 
mary oolours, yellow, red, and blue, we call “ pigments," 
and only to thoir harmonised combination do we 
permit the term colour" to be applied. The young 
student should take special note of this ; for to any 
combination of pigments which do not harmonise, the 
tern colour, in its true or artistic sense, is not at all 
—certainly not correctly — applicable, any more than 
it is correct to call sounds which do not harmonise 
music — the very spirit or essence of which is, so 
to say, harmony, Hence the student will perceive 
that, in the true technical, artistic sense, a pigment 
—or what is popularly called a paint, or still more 
inaccurately a oolour — is only a constituent part of 
colour, not a oolour itself — ^whioh, as above de^ed, is 
a ** harmonised combination of pigments.” We may 
illustrate this with some practical utility to the 
student, conveying, as it does, what is called a lesson, 
by the following incident. Two wdl-known men, 
high in position, were examining an object of art 
manufacture on which was depicted a certain subject ; 
it was laid aside with the remark, There is no oolour 
in it." The salesman, so far from thinking it had. 
no oolour in it, was disposed to decide that there was 
quite too much of it. And in a sense he was right 
— that is, in the popular sense of the term oolour. 
For the object displayed abundance of oolour of 
one kind, the three objects constituting the design 
monopolising one of the three elementary oolours 
or pigments, blue, yellow and red. Puziled at this 
glaring evidence of colour enough being defined to 
be that which had ‘*no colour in it,” he asked an 


aatiit to eaplain 1he'|ximt, This very soon done 
by giving what, in point of fact, we have alr^y 
stated as the true principle deoidii^ and defln^ 
true oolour ; for he said, ** Cfblour in your sense Of the 
term thm is enough of, and more than enough, but 
it is made np of what we artists call pigments ; in 
this object those pi^ents do not harmonise, therefore 
we say that it has no colour.*^ 

fks Tkrat' Oolcui,*’ or ^^Fziasilss" of the 

Ohromatle Soalo. 

We shall now, in connection with the diagtnms 
in the coloured plate entitled '*The Ohromatio Scale,* 
explain the technical terms used in connection with 
the application of colour in the artistic sense to 
ornamental outlines for fiat surfaces ; but of course 
what is true of decorative subjects is true of all 
subjects in which oolour is employed. When white 
or ordinary light is passed though a prism, it is 
reduced, so to say, to its component parts. Those 
are found to be ^ree in num^r, and give what is 
popularly called three oolours— (1) yellow, (2) red, 
and (8) blue* These, therefore, are called primary 
or elementary colours. When artificial or natural 
substances are employed to imitate these colours or 
hues, they are called, as we have said, pigments or 
paints* There is no pigment made by man, or known 
to him, which gives those oolours preoiady as they 
are shown in the pmmatic reduction of light. Hence 
artists employing colour have to select those pigments 
which give the nearest approach to the prismatic hue, 
which may be called the standard oolour* The ynung 
student will perceive, as closely bearing on the subject, 
the inaccuracy of the popular expression a ** shade " 
of colour, the expression hue or tint, sometimes tone, 
being more accurate. 

The ** IsooAdtry and « Tirtiary’* Oolonri, or ths ^'Second- 

arloi sad tko ^^Ttrtiariu” of the Okromstio Sotla 

The next scale to notice in the subject of oolour is 
that connected with the ^'secondaries.” By the term 
“ secondary ” is meant the combination of any two 
of the primary colours. Thus yellow and blue give 
green, blue and red (2) purple, yellow and red 
(3; orange. These tints or hues, green, purple and 
orange, form the three "secondary ” colours. 

We now come to the ihird portion of the scale of 
oolour, namely, the tertiaries — (1) dtron, (2) russet, 
and (3) olive. They are called tertiaries 1)e^use th^ 
ore produced by the combination or admixture of 
two secondaries. Thus, by mixing green and orange 
we obtain (1) citron ; by mixing puiple and orange we 
get (2) russet ; while a purple and green combination 
will give (8) olive. 

ths ** OmapliSMatixy Oslows.’’‘^]Maitioa of the tern.— 
OSlsan ssmp&ittsatsxy to ths Maary Oelem. 

We now take up the term "complementary" as 
applied to oolour. By this is meant that the admix- 
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tuie of two primary oolom h said 'to be the comple* 
leimtaiy colour to the remaining primary. PurplOi 
for example, whioh ie a combination of red and Uue, 
ia the oomplementary colour of yellow, the remaining 
or last of the prinmry colours. We are here pre- 
suming that the young reader ia careful to remember 
that the primary, secondary and tertiary colours 
are, in all the three dasses or departments of the 
** Ohromatio Scale,” made up of three in each, as 
shown in the Plate. Again, green, which, .as a 
secondary, is a combination of yellow and blue, is 
the oomplementary colour of, or, simply stated, is com- 
plementary to red, which is* the remaining primary. 
Orange, which is a combination of red and yellow, is 
oomplementary to blue, which is the third remaining 
primary. This simple rule for the guidance of the 
student should be carefully bozne in mind : the colours 
making up the secondary leave but one piimaty, 
which is, of course, the oomplementary colour. Thus, 
in the above red and blue leave yellow, yellow and 
bine leave red, and lastly, red and yellow leave blue. 

The Ooloun oomplementary to the Seoondary Oolouri. 

Having thus given the colours which are comple- 
mentary to the primaries, red, yellow and blue, we 
now proceed to give the complementaries to the 
seoondary colours, that is, what is the relation the 
tertiaries — citron, msset, and olive — bear to the 
secondaries, which are purple, green, and orange. 
Thus citron,” which is composed of green and 
orange, is complementary to purple ; “ russet," a 
combination of purple and orange, is complementary 
to green ; while “ olive," which is made up of purple 
and green, is oomplementary to orange. By this 
exhaustive process the student should be able to see 
the relatioziship which the colours in all the three 
classes, and in any one special class of the three, bear 
to each other. 

Zmportsnoi of attsnding to Tono of Colours. 

He must be careful, however, as to the ton€ of his 
colours. By this we mean, if his citron, for example, 
tends too much in the direction of the yellow, which 
is one of its oonstituenta, then his purple, which is 
the oomplementary, in the same proportion most tend 
towards blue, so that the two will harmony, which 
they will not do if while one is in excess the other 
is deficient, or its excess be in the wrong direction. 
Whenever the colour is in excess, or tends too much 
to one, the complementary colour must be in propor- 
tionate excess. If this harmony be not maintained, 
then his colours, or subject, will be either too “warm" 
or too “ cold " in tone. 

<*Wam” sad «*Orid” in Oslear.-^What is se nv iysd by these 
Ttnas. 

• Wliat is meant by thesO^ terms is explained thus. 
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We call yellow and red “ warm " colours, and blue 
and green “cold." But there is this jiBstinotion in 
this cold colour, which the reader must bear in mind 
— as in the case of green, whloh he will remember 
id a oombination of yellow and blue. If the yellow 
predominated, it is called a warm green." Again, 
in the case of a purple, if the tone tends too much to 
the red we call it a “ warm pxirple" ; if it tends too 
much to the blue we say that it is a “ cold purple." 

Applying these principles to the student*s design, 
if the colours on it tend as a whole towards warm 
colour, we pronounce it to be as “ warm in tone," if 
too cold the converse. In applying this colour to his 
ornamental arrangements of lines commonly called, 
although not always correctly so, his design, the first 
counsel we should give the pupil is this— that he 
should begin with the colours in the tertiary scale, os 
he will find it easier to get a harmonious oombination 
than if he adopted a higher scale — tertiary, as he will 
by this time understand, being the lowest of the 
scales of colour, primary being the highest, while mid- 
way between the two stands the secondary scale. If 
the pupil wishes to see what a beautiful oifect may be 
had by the employment of a low tone of colour— that 
is, colour in a lower scale — let him examine, or rather 
study, any good (this qualification is necessary now- 
a-days, when rubbish is so plentiful) specimen of 
Japanese coloured ornament. We refer here to 
Japanese art, in which, as a rule, low tones are pre- 
valent, and their artists, working always in the low 
scale, are, we do not hesitate to say, the finest colour 
omamentists in the world. They in this matter 
afibrd a striking and most instructive contrast to 
their near neighbours the Ohinese, whoso practice in 
this respect is precisely the reverse. 

The True Shades and Tones of Colour only found in natural 
Objeots.^Pefooti of Colour in Tigmenti made by Man. 

We have' prepared for the young pupil a sheet 
illustrating the scales of colour, arrungod in com- 
plementary order, — that is, under the yellow ’ tho 
purple is placed, under tho red the groon, and under 
the blue the orange. These scales are, however, in 
fact, merely mechanical, being concerned with the 
practical work of admixture of pigments, for ilat 
tones (for remarks on pigments, colours or paints, see 

The Calico Printer " and also " The Colour Maker "). 
To get the true delicacy of colour we must refer the 
student to the combinations of colours as he finds 
them in nature* There only can he ever know what 
colour truly is. We shall have more to say of what 
this school teaches, and how its lessons may be learned. 
Meanwhile we would ask the pupil who may bo doubt- 
ful as to the truth of our statement, to take up from tho 
highway such a common object as a stone which may 
be lying there. 



334 TffE QSOMSTMCAL DnAmBTSMAn. 


IHB OB03CETBI0AL SEAVaHTSlCAV. 

His Wobx zir tbs Oosstbuotxos or tub Figubss 

AJTD FBOBLBlfS OF PlASS ObOMBTBT| USSFUL IS 

Tbqbsioal Wobx* 

OHAPTER n. 

Is the last paragraph of preceding chapter we showed 
how a bent sigsag is a curved line returning into 
itself, a closed form, what is called a figure. What is 
endoMd within the lines thus joined is called a space, 
** the space enclosed within a figure/* or what is some- 
times, but more popularly, called a form, shape, or 
configuration. Or considering the space as bounded by 
the lines, we call that space a “surface ** or “ super- 
ficies/* A figure may also be formed by a curved line 
or a curve, which, beginning at one point, is carried 
round till it again reaches the same point or returns 
into itself. Curved figures are regular and irregular. 
The regular curved figures are the circle or the 
ellijme* The remarks made as to the space and surface 
apply to the figures formed by curved lines. Geometry 
concerns itself with the construction of figures and 
with the estimation of their endosed spaces or their 
superfioes or surfaces. This latter forms the branch 
of mathematics known as the “ Mensuration of Sur- 
faces,’* as the corresponding branch of Solid Geometry 
is called the Mensuration of Solids.'* 

Curved liaep not Eatuning into themselves, or Open, formiag 
what are kaowB ae the Begnlar Corvee, ae the f arabela, 
etdi, eto. 

There are certain classes of curved lines which are 
fixed and definite, and to which the name of the 
regular curves are given. They are said to be “ open 
curves,** as distinguished from those closed curves 
which, returning into themselves, give figures en- 
dosiiig spaces or forming superficies : an open ourv6» 
however far the ends might be extended, would not 
meet. 

Amongst the open curves there are some which 
start from a point and keep turning or extending in a 
curve ad : such is the Archimedean spiral. 

Others extend ad from the two ends : for 

example, the curve known under the name of the 
parabola, Tliere may be said to be on infinite variety 
of curved figures and of curved lines, ^they abound 
everywhere in nature ; but it is with what may be 
called the regular or fixed figures and curves that 
geometry has io concern itself. 

Oonvsx er Boimdsd Mass. 

Tbe phrase a “convex line** or “convexity** is 
generally understood. There are but few who have 
not a pi^eoUy clear idea of the words convexity or 
relief, or their opposite, oonoavity or hollow. Thus 
one will not hesitate to say that a hollow dish, looked 
at m the direction of its interior, turns its con- 


cavity towards thCeye placed c^posite it, and tlud} 
the same diidi looked at it the outside turns ith 
convexity towakds the eye placed also opposite to it. 
From a ooni^eration of these terlns^ we may see that 
this property is possessed by convex lines-^namely, 
that theiy cannot be met by a straight line at more 
than two points. ^ . 

Of the Plsae.— flaae Bnrlsoes, ligarcs or Ooafigaratioiis. 

We how oome to consider the tenn “ plane.** This 
Is to tfie surfaces what the straight line is to lines in 
general. We have the idea of the plane, as we have 
that of the straight line* We generally definp the 
plane by one of its properties, and we say the plane 
is a surface upon which a straight line may be 
applied in any direction. That, however, does not 
prove that such a surface exists in reality ; but the 
idea of its existence is furnished to us naturally by 
the contemplation of exterior objects. It follows from 
this definition of the plane, and of the properties of 
the straight line — first, that a straight line cannot 
be partly in a plane and partly outside it; and, 
second, « that a straight line which has two of its 
points in a plane is wholly contained in it. We 
content ourselves at present with these prelimi- 
nary ideas of the plane. They are sufficient to 
enable us to divide into two great classes all the 
figures with which geometry oonoerns itself; those 
figures are^ first, those which may be wholly included 
or enclosed in the Same plane, which we term figures 
of surface or superficies, and which have but two 
dimensions, length and. breadth; second, those which 
cannot be contained or enclosed in the same plane or 
figures with their dimensions. 

Figures having length, breadth, and thickness we call 
solids. Geometry, then, is divisible into or may be treated 
of under two great heads — first, plane geometry or the 
geometry of superficies, or, to use the popular term, 
the delineation of certain figures or forms generally 
known as the geometrical figures; and, second, the 
problems connected with solid bodies, generally known 
as the geometrical solids. We shall, as already named, 
take up these two greai divisions in the order here 
stated. 

The first section, of plane geometry, or that which 
concerns itself with the construction and the delinea- 
tion of figures, is obviously that connected with 
straight lines. The peouliaiities of the different 
rlatifHvt or vaiieties of those and of the problems or 
oonstructions based upon and following them, we now 
propose to notice. 

A Tertiesl liBe* 

A vertioal line is that which is formed ^ what is 
called a “ plumb line ** or the line a of a “ plummet,** . 
carrying a weight, as fig.^l, at one end of a cord or 
lin^ a hf held in ^e hand as at c, or sui^mded from 
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ft point as in the plnmmet dl the mason (see **The 
Stone Mason 

All bodies left to themselveei that is, free to fall, 
and in a still atmosphere, fall in a vertioal line, which, 
if sufficiently prolonged, would pass through the 
centre of the^ earth. Vertical lines in geometrical 
construction are drawn from top, <f, to the bottom, 
0, of the sheet of paper, tt a drawing board is 
used, the head or oroes of the T-sqoare is placed on 
the upper or under edge, d g ov $ ct the board ; 
and all lines drawn along either edge of the blade 
will be yertioal. (For description of drawing appU- 
anoes see the paper entitled "The Building and 
Machine Draughtsman.'*) 

Vertical lines, therefore, are those which iodine 
neither to the right hand nor to the left ; but, to use a 
popular phrase, stand " straight up " or hang " straight 
down.” 

Dlitlaotion bstwsen a Tsrtioal sad a Parpeadleiasr Has* 

The young geometrical draughti^an must be 



careful not to conclude that a " vertical line and a 
“ perpendicular ” line are identical, meaning precisely 
the same thing. From what we have said, a " ver« 
tioal ” line must always be perpendicular to the line 
of the horizon, or what is popularly called the surface 
of the earth. But a line which is peipendioular may 
net be vertical at all ; in point of fact, it may be 
absolutely horizontal in its^ in relation to the line 
wilih which it is oonneoted or cxmipared, This will be 
evident to the student when he ondemtands the defi- 
nition of a perpendicular line. It is a line which is so 
related to or oonneoted with another line that it forms 
with it a right angle (see succeeding paragraphs on 
"angles”). Thus in the line/ A is at right angles 


to the line I m, the angles I h j, m h j both being 
right angles. Here the line j k is vertical because the 
line f m is horizontal-^that is, parallel to the horizon, 
But although the conditions in regal'd to the relation 
of the two lines to each other are tbe same, in the 
diagrams no, ri,t tt,*^no, rs, coiTesponding to 
A, and pg^tu, to I m, and the angles nop, n o 9, 
ir u r s, are still right angles, no one would say 
that either the line n 0, or r e, w’as veriical,— the 
latter, indeed, is horizontal. We have been thus 
particular in drawing the attention of the pupil 
beginning the study of geometrical drawing to the 
distinction between a vertical line and a perpendicular 
one, as so many mistakes are made with regard to it 
by young students, A perpendicular line may asimme 
any position by itself tetween the vertical and the 
horizontal. 

A Eoriiontal Lias, 

This leads us to define what a horizontal line is. 
It is so called from its being in the same position or 
parallel to (see farther on for definition of this term) 
the line of the " horizon ” of the globe or earth* 

A horizontal line is popularly illustrated or repre- 
sented by the surface of water in a state of absolute 
repose, such as the water of a pond, of a lake, or of a 
canal, taken across its surface width. A horizontal 
line is also called the line of level, or of general level, 
illustrated in fig. 2 ; in this, which is a sectional sketch 
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of the side walls of a house, u 5 is the level of the floor 
excavation, 0 d that of tbe ground outside. Horuontal 
lines, contrary to vertical lines, ore drawn across 
the width of tbe paper, as h! or t' in fig. 1. If the 
drawing board be used, the head or cross of the T ~ 
square rests on one of the lateral edges of the board, 
generally placed along the left-hand edge, as <2 «. 
The left hand may rest on the sheet, and follow, to a 
certain extent, the movement of the right band when 
the latter is (brewing a line, so that tbe pressure of 
tbe blade of the may be equal throughout. 

But expM't draughtsmen generally keep the left hand 
on the head, so as to ensure its being against the 
edge of the board ; tbe right hand, in tracing or 
drawing the line, pencil or inked, keeping at the same 
time the blade close to the surface of the paper by 
sliding the little finger, or two last digits, along its 
surface. 
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TEE TOtrVG ASOEZTECT OB EVOIBEEB. 

Uig Studied— Offiob Dutxb^^aed PBAOTXOi.L Wobk jx 

THE PBEPABATION OF WOBKINO DBAWlNOi, OF BPEOIFI* 

CATIONS, ANP CONTBAOTB FOB WOBK, 

CHAPTER V. 

Whst ooftiti^tti s Nt” of DvAWlBgi daoidod 
diiforexLt pTMtitiOBort* 

The preceding paragraphs were chiefly taken up 
with detailed statements as to the drawings required 
to be made for buildings proposed to be erectedi 
their various classes er varieties, and their leading 
characteristics. Numerous as these classes or varieties 
of drawings are, the pupil need scarcely be informed 
that in practice - very considerable mo^fioations are 
made on the system which demands that the full 
set'' should be provided by the architect. Many 
buildings, even those which cost a considerable sum, 
are erected, for which a much less comprehensive 
series of drawings is provided than those we have 
named. Builders who act as their own architects 
content themselves with the minimum number of 
drawings, these comprising, for the most part, apian of 
each of the floors, as basement, ground, and chamber 
plan, an elevation, and possibly, but not always, two 
sections, one longitudinal, the other cross or trans- 
verse. (See the paper entitled '*The Building and 
Machine Draughtsman" for explanation of the different 
terms used in connection with drawings.) Often but 
one section is provided, and that taken in a line 
requiring the least amount of drawing, and the object 
of which is simply to show the heights of the different 
floors or stories* And not seldom is it the case that 
no section at all is provided, the heights being taken 
from the elevation only. So lightly do some builders 
think of drawings, that there are those who go to 
work in erecting a house with nothing more than the 
plan ; if any elevation at all be provided,, it is little 
more than a sketch, generally done in pencil, as are 
Indeed, often enough, the plans also. 

Oareleiuew as to haviag a really roll or Oomylete Set of 
Jkrawingi, muoh to be oondeamed. 

It need scarcely be said that this carelessness as to 
providing a sufficiently large number of drawings is 
most reprehensible. Still more so the practice which, 
as just hinted at, is that of some builders, which 
permits them to be indifferent as to whether the 
drawings are inked in or pencilled in^which last 
method of procedure obviouriy admits of any un* 
scrupulous person obliterating from the drawings some 
point or part which may involve legal liabilitieB. If a 
thing is worth doing at all it is surely worthy of being 
done as well as it can be. And, however small the 
number of drawings a builder may rest satisfied with, 
he should determine that those sh^ be carefully done, 
so as to admit of no possibiUty of error arising in after 


construction* Where he is building for hiins^ he 
may conclude that this care is not necessary : nay, he 
may pride himself— «s we have known of those who 
could BO pride themselves— upon his ability to buUd a 
house without the aid of any, or at least, with that 
only of the very fewest number of drawings. 

Oompltte Bet of Drawliigi domandod in tho IntoroitB of the 
Olieate or Hmployers of the Arehiteot. 

But when he is building for another, the true 
interMts of his dient or customer demand that he 
should give to that client all the advantages which 
flow from a complete set of drawings most carefully . 
prepared, and accompanied by a complete— not the 
mere sketch of a — specification. If he will not 
remember, the client in his own interests should, 
that those drawings and that specifloation constitute, 
as It were, the legal documents which record and 
prove the bargain made between the builder, who is to 
constmot, and himself, who is to pay for the house 
which be is desirous to obtain. Their full importance 
in this respect, as well as in the legal responsibilities 
which the spedfioation by itself carries or conveys, 
and taken also as along with and forming part of 
the drawings— the two together forming the recorded 
bargain between the two parties— will be fully detailed 
in a future chapter. 

niutratioiii of a ** Kiniaiuii Bot'’ of Brawingi for a 
Bomeitio Btraetare. 

Meanwhile, we proceed to explain in a general 
way what drawings are required as a minimum 
for a bouse which, although not very costly, still 
involves in building the expenditure of a goodly 
number of hundred pounds. In buildings of a less 
costly kind, such as a cottage costing a hundred 
or a hundred and twenty or fifty pounds; or 
even a small dwelling-house costing but two or 
two hundred and fifty or three hundred pounds, 
a less numerous set of drawings, as those we are 
now about to give, may suffice. But every one about 
to build, and calling in, if be be wise in his own 
interests, the aid of a competent arehiteot or builder, 
should hmr in mind what is a ooroUaiy from what 
we have stated— that his interest will lie more in 
the direction of having too many, than in that of 
having too few drawings. The more he has of these, 
and the more fully detailed is the aocompanying 
specification, the more likely is the house to be 
finished wi^ the minimum of mistakes either in 
arrangement or in construction. And if these are 
unfortunately made, he will be able to have his 
legal remedy — ^if he choose to avail himself of it — 
, for such, inasmuch as reference can be made to the 
drawings and spedfications in proof that those mis- 
takes arow either from wilful or careless neglect of 
their provisions. 

The following are the drawings referred to, as 
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oonatitiituig what loa; be called a ** nunimum set ’’ the “ elevatioiiB,’' and in figa. 9 and 10 the '• see- 
for a house of some itretenaiona as to oompleteneaa tiona." In a building of this aise various to 
in arrangement for a family occupying what is called large scale and to full (dae will be required of the 
“ a good position in soeioty " giving ample aooommo- principal parts of the external decoration, such as the 
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dation for a famUy of some number, or for several mouldings of the entrance door in the front elevation, 
viaitoiB and retainers; and also having some preten* fig. 5 ; the string-course, boM mouldings, and of 
sions to ardiiteotural design. In figs. 1, 2, 8 and 4 chimneys, and details of btemal work, such as cor* 
we give the varkms "j^ans," in figs. 5, 6, 7, and 8 nioes, architraves, etc., etc. 
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TBOEHIOAL FACTS AHB FIOUBB8 IV 
OOOAilOVAL VOTES. 

SMBBAOIira THX VABIOUI DBPIBTMBNTB OF , TBOH19lOi.L 
▲VD iNDUBTfilAL WoBC, 9U0H AB MBOHAMIOS Aim 
MAOEHm DEKtaK MJSD OOEBTEOOTION — BUILDING 
Design and Oonstruotion— Qenbbal MANtTFAOTUBXSr 

AS TlZTIliB AND MBTAD-AFPLJED OB MANDFAO- 
TX7B1NO OHEUIBTBT — XNDUSTBXAL DBOORATIQN— 
BANITABN SiNGlNBBBlNCh^ABDBNINa AND BiT&AL 
MATTEBS— MnOflLLANBODi. 


OS. Tlu Working Condition of Bolts. 

In onr Inst note, under the head of ** The Oondition 
of Pulley Surfaces we took into brief consideration 
some points connected with t^o slipping of belts on 
the pulley failing to grip it, or of pulleys within belts 
failing to grip them. And this led us to notice the 
methods-^r some of them — in use to prevent this 
dipping, those being applied to the belts, We also 
explained the method of dealing with the slip of belts 
by the converse method of treating the surface of the 
pulley itself in a certain way. Taking the first named 
of these two methods of dealing with slip, the reader will 
perceive that the plans adopted must ezercdse an in- 
fluence upon the condition of t^e belt itsdf according to 
the substance used to increase its grip upon the pulley or 
the converse, ' And one or two at least of the substcmces 
used we showed have a deleterious influence upon the 
belt. It is obvious that the oondition in which the 
leather of a belt k at the time of working must have 
a marked influence of one kind or another on the 
results of power transmitted by it. A belt, the leather 
of which is hard aud unyielding, cannot when wrapped 
or rather bent round the part of the droumference or 
rim of the pulley embraced by it, take readily and 
eauly the curve d the pulley, but will fail to give the 
grip to, or conveniently to receive the grip of, the 
puUey. This is oonside^ in relation to the length 
of the belt and the periphexy or curve of the pulley 
rim ; the probability being that the belt will bag or 
belly up so that at puts it will mot touch, or scatty 
touch, the puU^ suHaoe. But if we consider a bdt 
in this hard and rigid oondition in relation to ite 
width^that is, transversely to the face of the pulley 
—it will be observed that its very rigidity will tend to 
keep it from grippii^ the surface at all points across 
its width. And if the pulley have a decided or a 
greater convexity than diould be given to it, the 
tendency of this hard rigid brit will be to ride, so 
to say, on the top only of the swell or the longest 
diameter of the pulley, from dieer inability tp bend 
itiril at the sides downwards, so as to embrace or oome 
in Qontaob with the rides of ^ swell or transversely 
curved part tH the pulley face. If tdie belt leather, 
however, be limp or eoft end yielding, it will be seep 


thal its relation to the surface of the puU^ will bo very 
different from what has just been stated. We have . 
a very familiar illustration of what may be ai.l3ed the 
** wrapping ” value of leather in a leather glove---a kid 
glove— of good quality. When new the leather is so % 

* soft and limp and thoroughly j^liable that it ** wraps ** 
round the hand, or its fingers ** grip ** them, to use the 
technical term, ao closely that with a well-fitting 
glove, the surface, as across the back of the hand, will . 
be smooth and equally stretched. But the very same 
glove, after some time of wear, by the perspiration of 
the hand, or through getting wet, or one or other or 
more of many causes, will get hard and unyielding, 
and in place of lying close to and wrapping the band 
or the fingers round, will bag up here and there, and 
get so altogether unsightly, that the man of fashion, 
to avoid this condition, discards the gloves long before 
they reach, or in conscious anticipation of the time when 
they would reach, this unaccommodating condition. 
How to get belts and keep them in the oondition in 
which, liinp, soft and lithe, they will ** wrap closely 
round and firmly grip the pulleys or be gripped by 
them, is a point of some importance. In the treat- 
ment of belts to arrive at this as their normal 
oondition, a considerable diversity of opinion and of 

* practice is found to exist. While some subject their 
belts to a periodical oiling, and some to a careful 

stuffing,” as th^ call it, of a somewhat elaborate 
composition of greasy stuff, others roundly assert, in 
condemning the application of even a moderate modi- 
cum of oil, that in proportion as belts are oiled so is 
their slip increased. Otherti maintaui that oils not 
only cause slip, but injure the fibres of the leather, 
weaning the Mt considerably. Much of divergence- 
in some oases the direct contrary— of opinion on this 
point would probably be got rid of if we knew all the 
conditions of the varied practice. The quality and 
character of the oil used has a very considerable 
influence ; vegetable oils are, for example, much more 
likely to be injurious to the leather than minenl rils, 
from the comparative ease with which they set up 
add a^ons; and these can soarody be established 
without injuring or tending to injure the fibres* And 
<es regards the tendency which, according to some^ oil 
or grease has to Cause slip, we should also require to 
know the conditions of working in both the finoileA 
and the died bdts* It U jfist possible that where 
trials have shown dip to exist, the other advantages 
of having the leather so pliable aa to grip the po^ 

^ surface have been overlool^ Belts do beGame hard ^ 
and dry through working, and a hard bdt^ as we have 
shown, cannot a pdUey like a soft and pUahle one. 
Yet the bsH may bedry, while hj no tneane i|n|rip 
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able; in thbf cue a pvaotioal hmt of bdta on the lar^ 
Male eUtee it .to be hie practice to apply melted 
tellow at a temperature of between 70^ and 80^ this 
be$ng rubbed well into the belt and dried in the aun 
or Before a low iire. The oil of ' the tallow eoaka into 
and Boftene t^e fibrea, while the atearine or" waxy 
matter remaine outaide and makea a smooth surface. 
When the belts are both hard and dry, pliability ia 
restored by the method adopted by the same prac- 
tician of applyiz^ neat Vfoot oil mixed with a little 
resin, which 1^ subatanoe, according to him, prevents 
the oil from injuring the fibres, and tends to preserve 
them. Others, however, assert that resin in any form 
ia prejudicial to belts. When used in its pounded or 
powdered condition it does after a time exercise a bad 
effect upon the transmitting power of the belt, though 
as we saw in a paragraph preceding this, it is used 
expressly to increase the grip. Other praotioiana use 
and strongly recommend dubbin or tanners’ dubbin, or 
“dubbing,” as by far the best dressing for belts, and 
being taken, to apply it only to the fiush side. We 
certainly know how good dubbin ia for softening 
leather and making it limp and pliable. Belts treated 
aa above with it are said to have lasted aix times as 
long a period as those which have not received a dress- 
ing of the dubbin. As our space is for the present 
exhausted, we shall shortly return to it, as there is 
much on this and other points connected with belts yet 
to be glanced at. 

68, BMMflMr ItMl Oaitiiifs. 

In a preceding note (No. 28, p. 185} we gave a 
description of the principle involv^ in the process of 
producing sound castings of Bessemer steel, and referred 
therein to the important part mechanical mixture dt agi- 
tating of the molten mass played in the process. After 
noting other points of this highly important tech, 
nice! question, we shall give a brief deaoription of the 
“mechanical agitator,” which has already done much, 
and promiseii — at least, the principle which it involves — 
to do more, in getting rid of a difficulty in connection 
with Bessemer ste^ And this difficulty has ad- 
mitt^y, even by its most earnest ^vooates, had a 
very marked influence in keeping Bessemer steel from 
bei^ used for making a wide variety of mechanical 
objects and implements for which best wrought 
iron and fine crucible steel have been and are now 
largdy used. If Bes se m e r steel can be used to com- 
pete with those old-established metaJs, its wdl-known 
and valuable quaUtiee will have another element in 
thetr favour which will give to the i^anufaotuie, chaiv 
acterised, aa it is by all the features of a rapid and 
^ponamioal production, a still wider range of useful- 
lyff, and create for it a still greater dbmapd than 
h^a yet met wxtii, great as bolm have been. Whatis*' 
the p r e se n t podtiim of the manufiMtfue^ and whether 
hmm extended use of iU product if or is sot 


UMf to become a practical everyday bminem fact, 
the reader wUl be able to f onn some opinion upon after 
reading what in this ^^note” and other ‘‘notes ” is yet 
to be given on the important question, Meanw^e 
we have at present only to remind the reader that 
this wider range of utility for Bessemer steel is claimed 
for it by thoroughly practical men, on the ground that 
the principle we briefly explained in Note No. 28, p. 185, 
has been proved as eminently successful in practice. 
In the note just referred to we pointed out that the 
agents or substances used to quieten or soothe down 
the seething mass which Bessemer steel presents in the 
ladle into which it has been poured from the “oon^ 
verier” in which the oast iron has been converted, 
into steel, are in themselves, if in excess, impurities or 
Bubstanoes which deteriorate the quality of the steel. 
Long experience, aided by the closest of observation, 
enable these sulMitances to be used with a degree of 
accuracy of adjustment to the requirements of the 
steel, which it is desired to make of a certain standard 
approaching closely to practical perfection. And the 
problem has been rendered all the easier of solution by 
the fact that of the various substances at one time 
as quieting agents one is now chiefly used---^namely, 
ferro-manganese. This, at one time not available, 
except in comparatively small weights, was by im- 
proved processes, largely consequent upon the Mgbly 
successful practice of a well-known Oontinental steel- 
making company, showing the great value of the ferro- 
manganese, x^endered available in large bulks. Those 
of our readers who are acquainted with the process of 
Bessemer steel making know the important part 
spiegeleisen plays in it ; those who are aware of the 
peculiarities of the manufacture will find a notice of 
this material and its action in steel making in the 
series of papers in this Journal entitled “ The Steel 
Maker.” In converting oast iron into steel by the 
Bessemer converter process, the object is not merely 
that each charge shall possess a certain amount or 
percentage of carbon, but also that the materials, such 
as spiegeleisen and ferro-manganese, which it is found 
in practice neoessaxy to add to the charge at th6 
oonriusion of the process, and before the eWge, as a 
whole, is turned into the ladle, shall be thoroughly 
mixed with the iron converted into steel by the peculiar 
action of the “ Bessemer blow.” Whan we consider 
that the peculiar characteristic required in the metal 
of a given charge or blow, such as hardness, depends 
upon the quantity of those added materials, the young 
reader will perceive how essential it is that each part 
of the mass shall receive the percentage or amount of 
these materials due to it, so that the mass throughout 
•bftll be of equal character or homogeneous* Wc see 
the necessity for this uniformity of character in the 
steel, whatever be the proportions of the added sub- 
stoDoes used to gain aeertain quality in the steel; and 
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we find that thoM proportions vary very materially. 
Thus in a five-ton charge of converted steel, when a 
certain degree of hardness ia required to be given to 
it as much as from 14 to 15 owt. of spieg^eisen 
is added ; while another charge to have a certain 
quality of softness will have as low a weight as 84 tb, 
of fezTo-manganese onJy added to it* In the one case 
it is obvious that the mixture of the large mass of 
spiegeleL;en must be very complete, as fiom the very 
largeness of the added bulk of material, £F mixing 
be not complete, some part may have an extremely 
heavy overcharge of the hardening material, while 
anotW part may have just as great an undercharge* 
Nor is the necessity for thorough mixing of the con- 
stituents less urgent in the other case, where the bulk 
of added ferro-manganese is very small; for in this 
case, if admixture be not thorough, it is obvious that 
while some part may have just the right proportion 
due to it, another may have too little, while another 
part may have none at all And when we trace such 
charges of imperfectly mixed materials in the after 
processes of the manufacture through which the metal 
is taken, we can easily understand how a rolled bar 
or rail may have some part of its length of a different 
quality or constitution from another, being too hard 
or too soft, as the case may be, or of greater or less 
strength; and therefore how untrustworthy it may be 
as a mass or whole for constructive purpoaea, And 
when we consider further how exceedingly minute in 
One sense is the difference between one piece of metal 
in regard to one cozistituent — phosphorus, and another, 
the small excess of this constituent in the one making 
an unsound or untrustworthy rail or bar, the other 
having a less or right percentage of phosphorus 
being thoroughly sound and trustworthy, we are still 
more convinced of the necessity which exists for the 
whole of the constituents of the Bessemer steel charge 
being thoroughly mixed and blended together. But 
another pomt remains to be noticed, although it was 
more or less incidentally referred to in Note No* 28, 
p* 166. This is, that th4 addition of the substances we 
liave named as necessary to the perfecting of the iron 
converted into steel is, in itself, one of the causes of 
the mixed metals having that frothy, seething, ^^blown** 
condition which constitutes one of the grave defects of 
the' charge when it is turned from the converter. The 
two metals are in point of fact so disiimilar — ^namely, 
the decarbonised iron charged with oxygen, wUoh forms 
what may be oidled the primary element of the con- 
verter charge, and the metal of the highly oarburetted 
spiegeleisen or the ferro-manganeae— that when mixed 
nr thrown together a violent ebullition takes place 
causing large disarrangement of gaaea, to whidh in the 
previous “ note ** we alluded, and which bnbblibig up " 
and escaping of gases continues till a more or less per- 
fect admixture of the whole be secured. We have thus 


a reason of doubled urgency for getting this perfect 
mixture; first the necessity to mix the added con- 
stituents or materials whi^ are given to produce a 
certain quality, so that all parts of the mass shall 
possess as precisely similar a quality ^as it ia poskble 
to obtain ; and secondly, that by thorough mixing the 
gases, in place of being occluded, or, as we should say, 
closed in the mass, shall be allowed to escape, and thus 
prevent the formation of the honeycombed or blowholes 
which, as we have seen, have formedand still form so 
undesirable a peculiarity of many Bessemer steel ingots* 
While some of our readers will now admit the necessity 
of this thorough admixture of the constituents of 
Bessemer steel, in order tb ensure sound and solid 
castings, they may be disposed to conclude that, being 
in effect a chemical mixture of certain chemical 
constituents, this will be complete. But it is only an 
imperfect or comparatively incomplete acquaintance 
with chemistry which can give rise to this opinion. 
For, as has l^n well pointed out by the late Sir 
William Siemens, who was as eminent for his chemical 
knowledge as for his mechanical ability — ^both being of 
the highest order — there is ‘‘such a thing as imperfect 
and perfect chemical admixture.” And he illustrated 
it in his usual happy way by taking the very familiar 
example of soda in ei^rvescing water. You might pump, 
as he said, ** carbonic add gas into water and make 
soda water,” but if it were used immediately after it 
was made you might just as well save yourself the 
trouble of forcing the carbonic acid into the water, 
because it came out instantly.” But if a second bottle 
of the mixture were made and kept closely corked up 
for a week, so good a chemical combination or ad- 
mixture of the gas and the water would be obtained 
that the liquid would have some claim to be called an 
efibrvesdng drink in which both gas and water would 
be swallowed— *the gss not flying off so quickly but 
what some would be retained. But if a third bottle 
were made, and this kept up closely for three months, 
so complete would be the combination of the gas and 
water— admixture with or absorption of the gas by the 
^ater— that the liquid might be poured out into a glass 
and left open, and yet gas w6uld be retained by the 
water for a considerable length of time. It is just 
possible, and we are inclined to believe it to be very 
probable, that as the result of the dose and continued 
study, combined with a never-tiring carrying out of 
experiments, both on the large or furnace or workshop, 
and the small or laboratory scale; some method will 
yet be* discovered by which the chemicd admixtures 
of the oonstituents used in the making of Bessemer 
sted will be as rapid as it will be complete, obviatuig 
all necessity {or a mechanical admixture. Mean- 
while this seems necomry; and althpn|[h there are 
some thoroi^ghly able and practical men who main- 
tain tixat this lack of soundneas in B e wem m* etefl 
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ingots does not arise from the want of a thorough 
mechanical admixture, but from causes other than 
and probably in addition to this, the system of 
mechanical mixing as introduced by Mr. Allen, of 
Sheffield, has proved itself to be of the highest 
practical value. It is right to state that, with that 
remarkable characteristic of Sir Henry Bessemer of 
looking at a subject so thoroughly all round, he is 
able to foresee or anticipate coming difficulties, and to 
be able to provide for them* This able and successful 
metaUnrgist long ago patented a method of securing 
a thorough admixture of the constituents of his 
steel. Sir Henry thus proposed, and indeed devised, 
a mechanical agitator revolving in the duid metal; 
this being covered with melted slag, so that the 
atmosphere was prevented from coming in contact 
with the metal as it was stirred. We have so com- 
pletely exhausted, or more correctly stated have so 
exceeded, the space allotted for this “ note,” that we 
after all cannot redeem our promise at pi*esent to 
describe Mr. Alienas apparatus. This, however, is the 
less to be regretted — if, indeed, there be cause for any 
regret at all — inasmuch as what we have given is so 
important to be understood by the youthful or inex- 
perienced reader, that the description of the apparatus 
may well be deferred to the space of another note; 
and this we hope to give in our next number* 

04 The Weight of Iron per Square Foot in Ouaeei of Bif- 
foreut Thiokueiin ai per Noi.** of the Standard Wire 
and Ketal (Huge 

In a future note the thicknesses in parts of an 
inch corresponding to the ** Nos.” of the gauge here 
given will be found. 


♦* No,*' of OftQfi. 

Weight In ounoei 
per iqu«ro foot 

"No." of OatLge. 

Weight In oonoee 
per tqniuv foot. 

1 

192*00 

16 

40*96 

2 

176*64 

17 

86-84 

8 

161*28 

18 

80*72 

4 

148*48 

19 

28-60 

5 

186-68 

20 

23*04 

6 

122-88 

21 

20*48 

7 

112*64 

22 

17 92 

8 

102*40 

2» 

16*86 

9 

92*16 

24 

14*08 

10 

81*92 

26 

12*80 

11 

74*24 

26 

11*62 

12 1 

66*66 

27 

10*49 

18 1 

68*88 

28 

9*47 

14 ; 

51*20 

29 

8*70 

15 

46*06 

80 

7*98 


65. Weight la Fouiide of Square Ban of Wrought Iron per 
foot trm a quarter of an iueh on the sUs up to 
twoiuehoo* 

i inch s *208 of a pound; ss *468 ; y ^ *833 ; 
I* s 1*3 lb* ; f - 1*87; s? 2*55; 1 inch » 3*38 ; 

4*21; ir = ir “ n = ^5; 

1|^ ss 8*8; 1|* » 10*2 ; ig^ = 11*71 ; and 2 inches 
SB 13*3 lb. 
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66. Weight iB Fouudf of Eeuad or Bod Wrought Iron per 
lineal foot of diameter firom 3} up to 5 iuohoi. 

2J inch diameter = 11*82 lb.; 2^* as 13*25 lb.; 
2g" = 14*76; = 16*36; 2f = 18*03; 2f « 

19*79; 21'^ = 21*63; 3 inches ^ 23*56 lb*; 3f » 
25*56; = 27*65; ai 89*82; 34"= 32*07; 

= 84*4; 3f = 36*81 ; 33" = 39*81 ; 4 inches 
= 41*88 lb.; 4i^" = 44*64; 4^" = 47-28; 4^" = 
60*11; 44" = 53*01; 4g" = 60*00; 4 f = 59*06; 
43" = 62*21 ; 5 inches = 65*45 lb. 

67* The How Waterproof or ‘‘WiUoidou" Fapor ftor BeoSag 
Furpoioi. 

A new method of preparing paper and other sub- 
stances, as textile fabrics, so as to resist damp, mildew, 
etc., and which gives them other useful properties, 
has been recently introduced, and details of the pro- 
cess so perfected that it is being now carried out on 
the commercial scale at Willesden, near London. The 
procetus affords another example of the service done 
by the theoretical chemist to the practical work of 
the day, and in adding new industries to the in- 
ffnitely wide range already existing. This paper can 
be used for a variety of purposes, and amongst 
others for the covering of roofs of sheds, etc., for 
which purpose it promises to be a decided rival to 
corrugated iron and zinc, as being not only much 
lighter, but cheaper. And, if the commercial samples 
come up to the value of the experimental ones, it will, 
we think, quite cut out the use of roofing felts, to 
which there are so many objections. The peculiar 
chemical features of the process may possibly form 
the subject of a succeeding note under this section ; 
meanwhile under this head it will suffice to state this 
much; that the paper and other fibrous substances, such 
as canvas, to wliioh it is specially applicable, are treated 
with a chemical compound to which the name of 
•* cupra-ammonium ” has been given. This by chemists 
is generally considered as indicating one of that class 
of substances which is obtained by a combination of 
ammonia with certain compounds of copper, the result 
of which is a ** metallo-ammonium ” centring copper* 
All those compounds have been long known to have 
the power to dissolve the cellulose with other allied or 
simiiaT substances present in paper, cotton, and other 
vegetable tissues, or if not of dissolving them, so acting, 
as in the opinion of some chemists th^.only act, 
in gelatinising the cellulose and allied substances, or 
disseminating them just as starch is spread in water. 
Be this as it may, the action may be token as one of 
dissolving, and the cellulose forms a species of glue, 
gum, or cement, which gives to the paper or other 
tissue under certain treatment properties which enable 
them to resist damp-^beooming waterproof, and from 
the presence of copper in the substances preventing 
the attacks of insets, mildew, rot, etc. The best 
results in those directions axe obtained by the use 
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of the motallo-Miuiioiiiiim opmpouod known as the 
<'«upra-axqmoniuin hydroxide, ** another great advan^ 
tage poseessed bj whioh, aa compared with the <mpra- 
ammoniam sulphate, another of the compounds, is 
that no copper is precipitated, so that the iron tanks 
and iron and steel mechanioai appliances used in 
the manufacturing process are not subjected to in- 
jurious attacks of this kind — care only haviz^ to 
be taken that no copper or brass is uk:ed in those 
appliances, otherwise , coxrosion is unavoidable. The 
solution of the cellulose in the paper, etc*, not only 
covers it with a ipecies of cement, but seems to bind 
or wdd together the filaments of the fibx«a. This 
property is taken advantage of in the manufacture of 
the peculiar paper described as welded,’* 

which is proposed to be used as a substitute for 
galvanised iron, sine, or felt, for roofing purposes. 
The other class of paper made under the process is 
termed the ** Willesden unwelded,” and is simply a 
single web or ply of paper passed through a bath 
of the solution and rolled and dried. This covered 
with the cement-like substance— oupra-cellulose— pre- 
viously named, gives it damp-resisting properties, 
which amongst other uses makes it specially nsefiil 
for covering damp walla of buildings, or preventing 
them from becoming dtop. The welded’* paper 
consists of two or more plies or sheets of paper, 
superposed, passed through the ^bath of the cupra- 
ammonium hydroxide solution and rolled so as to 
form a close, solid sheet or homogeneous “panel” 
of continuous and indefinite length, of a given width. 
It is this oupra-papyrus material, as we may call 
it, which is the roofing substance, and which being 
sent out from the faotoiy as rolls, can be trans- 
ported easily from place to place, and ia also in 
the best foim for working. This roofing panel, or 
paper board, is made with four plies or single sheets 
of paper. Comparing it with galvanised iron, a 
. “ square,” as it is technically termed (t.s* a hundred 
square feet), of the paper weighs only 15 to 18 lb«i 
the galvanised iron IQS to 280 lb. Taking another 
mode of estimating the relative values, it is, found 
that a ton weight of the pap^ will cover 12 to 15,000 
square feet, or say from 120 to 150 “ squares the 
galvanised iron, on the ' other hand, will cover only 
from 800 to 2170 square feet, or say from 8 to 22 
squares. The veiy great difference in the. cost of the 
two materials is abundantly evident; the saving in 
mere transport, as in the caSe of colonial buildings, 
for example, being large in amount The question of 
mere relative cost is, however, regulated or made 
valuable only if the oonatructive qualitiee of the 
paper are at the best not less viduable than, the 

S ivinised iron. We b^eve that it will compete 
vouxably in its constructive featuree with the best 


galvanised iron* In the first place, the paper hebg , 
so very much lighter than the galvanised iron, much 
lighted timber work for the roof truss will be required* 
And as there is a much less cubical quantity of timber . 
there is a corresponding let, aning of the risk of and 
loss from fire. Again, on the other hand, while the 
paper is not absolutely incombustible, like the gal- 
vanised iron, it is practically fire-resisting, not merely 
on account of its metallic nature, but from the density 
of the material itself. This feature is often lost sight ' 
of, yet it is a valuable one ; it is not, for example, 
so easy a matter to set fire to and consume completely 
a sheet of thiokish cardboard laid fiat on a surface. 

In the second place, a building covered with a paper 
roof will have its interior temperature much more 
uniformly maintained than one covered with galvanised 
iron. In tropical climates, and even in some seasons 
in this climate, the heat under a galvanised iron roof 
is at times almost intolerable, while at night the “drip ” 
arising from the Tapid condensation of vapour is in 
itself a great in^onvenienoe in most buildings* We 
may look forward with some degree of confidence to 
this new material being applied to a wide variety of 
oonstructive purposes. It seems to us well adapted 
‘for many simple forms of buildings, such as sheds, 
farm buildings,* etc,, and we feel assured that cottages 
constructed with it would be infinitely more comfort- 
able and healthy than the great majority of originally 
ill-built and now tumbledown brick cottages, which 
are neither wind nor water proof in wall or roof* 

61. Balldlag sr Gardm Piets of Laad—Bmdth «r Width of 
Plots of a givtn Length rosnlrod to insko a Statute JUrs 
in Inperfloial Voainrement. (See Kote No. 24 for Plots 
from 8 yaida up to 89 yards odd in length.) 


Width of Plot. 

Length of Plot, 

T»rds. 

Feet. 

Inches* 

Feet 

86 

1 

4 

168 

88 

1 

6 

174 

80 

2 

0 

160 

78 

0 

2 

186 

75 

1 

11 

192 

78 

1 

0 

198 

71 

0 

7 

204 

69 

0 

6 

210 

67 

0 

8 

216 

66 

1 

8 

222 

68 

2 

1 

m 

68 

0 

2 

284 

60 

1 

6 

240 

69 

0 

1 

846 

67 

1 

11 

262 

66 

0 

11 

268 

66 , 

0 

0 

864 

68 

2 

4 

270 

68 

1 

10 

276 

61 

1 

6 

288 

61 

1 

8 

888 


1 

8 

894 

48 

1 

-^1 

8 

800 
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(22) In our last Not© (No. 18), on the subject of 
“ raising of steam,” we explained how the heat of a 
hre in boiling water resulted in ine(!hanical force, as 
manifested in certain actions. In forming a theory 
of boiling we may best judge of its accuracy or other- 
wise by the way it “ squares with ” or coincides and 
is supported by facts of actual work, so far as we 
know them in practice. The following theory or 
explanation of what takes place in boiling is accepted 
by those who have practically studied the subject, as 
it squares well with the indications of that practice. 
We have seen in the simple experiment named in last 
Note (No. 18) how a circular motion is given to the 
mass of water by tlie action of h ,at. A ciMular or 
gyiatory motion of the like character is by the action 
of heat given to each molecule or paiiiclo of water, 
which thus keeps whirling round its own tientre. 
These molecules are attracted to each other, and form 
little groups or larger particles or bodies, which still 
keep up the whirling or gyratory motion. And os 
this motion is caused or created by the heat, the 
greater the number of mci*emonts of the heat which 
the water particles take up— thus getting hotter and 
hotter— the more the wliiriing speed is increased, And 
this keeps increasing as more increments of heat are 
taken up j until the velocity at last acquired is such 
as to overcome the force of attraction which keeps 
the particles of the water together. A separation or 
flying apart from each other then takes place, and the 
liquid or fluid condition of the water is changed to the 
, vaporous or gaseous form, and steam is produced, which, 
when the boiling is free and not effected under certain 
constraints, hei'eafter to be described, passes instantly 
upwai^ds through the mass of water, and esca{)es 
readily from the surface in the form of a vapour, 
which is called steam.” The motion of the watery 
particles, wholly the result of the heat taken up by 
them, is always circular or gyratoxy, and is always of 
this kind of motion at all temperatures below that at 
which the flying apart from each other or the sepa- 
ration of the watery particles takes place, and they 
are changed into vapour ; and this circular motion of 
the watery particles is termed the ^Hhermal” or 
«< heat motion ” of the water. But at all tempera- 
tures above the point just named (to which the name 
of the steam-flashing point may be given) the oom- 
bined vapoury and watery particles— for till the 
vapour actually gets free from the mass of water 
this combination exists— have their iTiOtirin changed 


fi’om circular to lateral or longitudinal. With this, 
as they dart/ from one part of the mass to the other, 
they strike against the sides of the vessel in which 
the water is being Iwilod with gitMitor or less foitse. 
And although this force for each particle of combined 
vapour and watei', or watery or primed ” vajwur, is 
infinitesimally small, still they are so innumerable 
in a large mass of water, such as a steam-engine? 
l)oiler contains, that the united force is great — so 
great that they Cfiusi? shocks or bumps against tho 
boiler plates wliich are quite audible, as any one who 
knows what “Iwiler tenting” is well knows. And 
they can he felt also by resting the hand upon tlie 
boiler sides or top, when the vibration will 1)0 moi’o or 
less noticeable. These combined particles of water and 
vapour, thus striking laterally against the sides of tlio 
vessel, recoil or relKuind fi'oin them, and otliei's coming 
up to supply their place, a continuous volley, so 
to call it, of shocks or blows is kept up, so long as 
the temperature is high enough and maintained, 
Tho result of this action is a (Jonditioii of the 
watery vapour in which it may l)o said to 1)g the 
vehicle of a foiise, and to this is given the technical 
name of pressure. As we have seen that tho primaiy 
manifestation of force in water which is l)oiiig lK)llt»d 
is circular, and is termed “ thermal ” or ]m\t 
motion,” so the secondary manifestation of force, in a 
lateral or longitudinal direction, is cdlod pressure 
motion.” And how true it is that tho heat produce^] 
by the combustion of fuel in tho furnace of a steam- 
engine boiler is neither more nor less than mechanical 
force, is proved by the fact that the heat which is 
required to produce a ^ound weight of steam is more 
than equivalent to half a million of “foot-pounds.” 
The marvel is that, although all tho phenomena of 
heat as applied to work— this specially of steam 
raising — had l)6en known for long, and must have 
struck more or less forcibly many able practical men 
and scientists, no one till that eminent scientist 
Dr. Joule, of Manchester — who has lately been taken 
away from amongst us— took tho matter up, and 
discovered and expounded clearly the law establishing 
the “ mechanical ec|uivalent of heat.” But it is ever 
the province of true genius to see in what are called 
the “ common things ” of life some principle or law 
which gives grand dignity to that which others 
thought and talked about as mean and of no account. 
The vapour which passes off from boiling water in 
the form of steam is not passed ofl' (juickly ; on the 



844 


THE PRACTICAL NOTE-BOOK 


contrary, inclosed as it were between the molecules 
of heated water, it is retained — sometimes through 
bad arrangements detained — in the mass of water for 
a longer or a shorter period according to the condition 
of boiling. What is called steam is generally only a 
mixture of steam and water ; often, indeed, the latter 
is present in large proportion, giving rise to the evil 
called ** priming,”— a source of inconvenience and loss 
in the working of the steam-engine, findiiig entrance 
as the mixture does to the cylinder. This water 
is the result of violent ebullition, or what may be 
called defective boiling; for if that were carried on 
easily and without constraint, the vapour would 
escape from the mass of water so easily that com- 
paratively little water would be mixed mechanically 
writh it. No doubt but little more comparatively is 
known of the ** behaviour ” of water when Iroiling 
in the water space of a steam-engine boiler, than is 
known of the behaviour of steam in the cylinder of 
the engine. If we could see into the inside of both 
when working, we should then see what the diiiiculties 
are which ho puzzle engineers. But we know suffi- 
ciently now of what boiling is to justify the belief 
that before long wo shall witness a great change in 
the juTangeinent of evaporating vesselH of all kinds. 
If tliis should cauKO the statement, on the part of 
some, that from the very number of forms of steiim- 
engine boilers, for example, we must have made such 
vast impiwemcnts that no great further change need 
be looked for — is not, indeed, required — this may be 
replied i— All the forms cannot l»e otiually good ; each 
new form, indeed, ushered into the mai'ket claims 
to be a grejit improvement .upon those whicli have 
preceded it and are in use, and the statement is not 
seldom made that the new form is destined to render 
all other forms obsolete and quite out of date. The 
very numln^r of now forms introduced, and in quick 
succession moi'oover, is in itself ovidenco that each 
new competitor is endeavouring to solve a problem 
tho conditions of whicli have not yet been met. 

( 23 ) Under tho head of “Cements” (see Note 
No. 21 ) we give now, one on the celebrated Armenian 
— sometimes called tho Turkey — cement, used by the 
T\irkish jewellers in setting their precious stones, and 
which is stated to possess such adhesive |K)wers, such 
cohesive strength, tliat it will secure firmly together 
plates or paints of polished steel. And in ordinaiy 
work, if tlie force employed is really sufficient in 
amount to cause £1*001111*6 of the body, that fraotui'e 
or separation will take place at some point other than 
that at which the parts were cemented. This cement 
has for its basis “isinglass ” — the true or fish isinglass 
being here meant, not some of the modern gelatine 
preparations so called — gum mastic, and gum ammo- 
niac or golbauum. The dissolving medium is spirits 


of wine or rectified alcohol of the standard strength. 
Of the isinglass, in the first instance, take, say, two 
ounces: the quantity will vary, of course, with the 
amount of cement desired, but the proportions here 
named must be observed. Soak the two ounces of 
isinglass in pure or distilled water, in quantity suffi- 
cient to soften it ; after which dissolve the softened 
isinglass with as much of the spirits of wine or rectified 
alcohol as will make a fiuid about the consistency of 
thickish— not thick— cream. When properly dissolved 
— under tho application of a gentle heat the solution 
will be made more quickly and uniformly — take the 
gum ammoniac or galbanum in the form of little 
globules, technically called “ tears, and to ten grains 
of this add portions from time to time, mixing and 
rubbing it up together with the dissolved isinglass. 
Take now in a separate glass or vessel six grains of 
the gum mastic, in the form of larger “ tears,” and 
dissolve them in just as much spirits of wine as will 
make an absolute solution and no more. Take this 
thick solution and add it to the mixture first made 
as above, and mix the whole intimately together. 
The Armenian or Turkey cement will now be ready 
for use. But certain points in using it should be 
observed ; and this remark is equally applicable to 
all other kinds of cement where the best results are 
desired — and this ought always to be so, otherwise it 
is, in the true and common-sense view of the matter, 
altogether useless to make the cement at all. In the 
fij-st place, tho suriaoes to be joined must he made 
clean, perfectly free from gi*easy matter. Hence, to 
obtain this Iti the most perfect way, the sooner the 
cementing is done after the object is broken the 
better, the fractured edges being thus obviously in 
the natural condition of the material, and free from 
dust or greasy matter. Care, therefore, should be 
taken not to touch tho surfaces with the fingei* 6 , for 
those of the daintiest lady in the land ” are, in a 
true sense, anything but clean or free from greasiness. 
If the fi'acture has l)een made for some time, or 
should there be any doubt as to the cleanliness of the 
edges of the fractured parts, they should be washed 
with a weak solution of ammonia liquid, and allowed 
to dry before the cement is applied. And before 
applying this, care should be taken to have the edges 
joined precisely in the line of fracture. If this 
precaution be neglected, it is obvious that a perfect 
joint cannot be obtained. The best way to deal with 
the pai*ts is to place them on a fiat surface, as on a 
wooden board, and place the parts in due l elation to 
one another ; and if there be more than two parts, 

* two* should be cemented and dried before the third 
part is taken in hand, and so on. In the case of 
parts of a new body, the surfaces of the joints should 
be carefully pi*epared, truly levelled, and made flat 
throughout, without any protuberances or hollow 
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parts ; if these exist no true joint can be made. The 
cement should be applied very thinly and uniformly all 
over the surface of each edgei and these when brought 
exactly together in the line of fracture — if a broken 
body is being dealt with — are kept closely pressed 
together for a short time. When pretty broad sur- 
faces are to be joined, and the parts admit of the 
treatment, the cemented joint will be all the more 
perfect if the parts, wliile they are being pressed 
closely together, bo moved to and fro — one surface 
upon another. Tliis can only be done for a short 
period, as the cement will soon take such a hold that 
movement will not be possible. The great object in 
cementing is to press out all the air l)etween the 
surfaces, and to bring them in actual contact all over 
their spaces. All cements should be so kept as to 
prevent dust from mingling with them ; the l)ott1o 
should therefore be cai’efully stopped, or the jar 
covered with a light cover. They will l)est he melted 
by plfMjing the lower part of the bottle or jar con- 
taining them in hot or boiling water. 

(24) In a preceding note on “ Fuel and its combus- 
tion,'^ in referring to the kindling of a conmion kitchen 
dre, as illustrating familiaidy all the points of this 
important subject, we stated that the combination of 
oxygen of the air with the constituents of the fuel 
which under the influence of heat created combustion 
was not immediate or even very rapid ; that time or a 
preparation of the fuel was necessary, or what a iiigh 
authority terms a species of cooking ” was essential, 
and the higher the heat within the burning mass the 
better the ** cooking," the more efficient the combus- 
tion as a heat given. The intelligent domestic knows 
this practically, although she may have no conception 
of the reason why. She knows, therefore, that the 
more she concentrates the heat in tho centre of 
the grate, or rather the burning fuel, by keeping the 
kindling material close together, the more quickly 
will she have the coals burning brightly and her 
kettleful of water boiling. If, however, not observant, 
she, on the contrary, spreads the kindling material all 
over the grate, the kindling is a slow process. This 
cii'culation of the heat, this conservation of it within 
the mass of burning fuel in a grate lined at the back 
and sides with fire-clay lumps — a first-rate non- 
conductor of heat — ^is the secret why fuel always 
burns brighter and consumes more completely away 
in a grate so lined than in an iron grate, which keeps 
the fuel burning languidly, the iron leading offi or 
conducting the heat away from the fuel, thus lowering 
its temperature. This conservation of heat, this 
maintenance of a high temperature in the mass of 
burning fuel, is not always attended to in furnace 
construction and management, and is the secret of 
some boiler furnaces the success of which surprises 


many, as there is no apparent difference between them 
and others which would account for their success. 
The whole question of the “ condition" of the fuel an 
influencing combustion underlies all the points of 
successful practice ; and it is to neglect of this essen- 
tial consideration that we owe much of the wasteful 
methods of furnace management but too frequently 
met with, and in it lies the secret why one man with 
the same materials and under the same circumstances 
gets as much work again out of coals as another. Let 
us examine a little fuHher into this question of 
condition " of fuel as influencing the process of com- 
bustion ; and in doing so lot us return to the familiar 
illustration of the kindling of the kitchen fire, in 
which all the phenomena of combustion are exempli- 
fied. If, in place of leaving tho paper — which tho 
domestic uses as one of the kindling matoiials — 
in a loose, free condition, she folded it up into small 
compass and pressed it lightly together, — and if in 
like manner, in place of having tho wood in small 
“handy pieces," she had it in the form of one or 
at most two heavy “ clubbocks,"“-and fiu'ther, if in 
place of “ nice nobbly bits of coal " she had one large 
lump of coal, — stupid as slie might Iks, she c^ould 
scarcely bo so very stupid os not to know that there 
would bo small chance of kindling her fire quickly, if 
indeed she could have any chance of kindling it at 
all. But if she be intelligent and observant, slie will 
know that it is necessary to have the papei- free and 
hK)SO, the wood or chips small and short, and the 
coals in nice smallish pieces ; moreover, that it will 
save time if she bo at tho pains somewhat carefully 
so to build up her kindling materials that, disposed in 
layers one above the other, the paper first, the wood 
alx>ve this, and finally the coals, the air will have 
free access to them when once they are kindled, so 
that it will become quickly heated and enter freely 
into combination with tho carbon and tho hydrogen 
of the coal. And with regartl to the coal the domestic 
will — if observant and thoughtful — s(X)u learn that 
fresh coals will kindle much more quickly and burst 
into flame and lively combustion, than the same coal 
burned into the condition of cinders, or “coke," if 
used as fuel, — the reason being, though she may 
not know it, that the cinders and tho coke alike 
have had in different ways the bituminous matter of 
the coal, yielding tho hydro-carbons and different 
gases, distilled away, and that they are then difiicult 
to kindle, and requii^e a high tem|>erature to make 
them burn as clear, red-hot incandescent fuel. I'he 
condition of a fuel is nearly everything in relation to 
its quick and complete combustion. 

(25) We concluded our last Note on the subject of 
boiling of water for steam raising (see Note No. 22) by 
stating that we had much yet to learn as to tho best 
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mode of boiling ; but that recent researches and dis- 
coveries justified the hope that before long the steam 
engine boiler of the— perhaps — near future would be 
an immense improvement upon those which now prin- 
cipally dominate the market* If it be true that the 
present steam engine— end be it remembered that the 
boiler is as much a part of this as the lungs are of 
the human body — ^is the most wasteful contrivance for 
utilising heat — and this the highest authorities declare, 
seeing that we obtain or retain for efifective work but 
a very small percentage of the units of heat due to 
the combustion of fuel — ^there is surely good ground 
for our statement that a much better mode of boilmg 
—evaporating — ^than the one which now dominates is 
still a necessity. At this stage of our inquiry the 
question arises, What, then, is boiling? As we have 
already said, there have been several definitions of 
boiling ; but some, while they tell us how boiling is 
effected, give us no information as to what boiling is. 
It is not the evaporation of water^ as some tell us ; 
for evaporation takes place at all temperatures, and 
water exposed to the air will dry up — evaporate— in 
winter as well as in summer. Others say that boiling 
of water is only effected by evaporation carried on at 
a temperature of 212° Fab., which hence is called the 
boilmg point. But this is only true so far as it goes, 
and under certain conditions — as when the barometric 
pressure is at, in round numbers, thirty inches, which 
is that generally existing at the sea. level. But alter 
the barometric conditions — that is, the air pressing 
on the surface of the water (15 lb. to the sqtiare inch 
at the sea level) ; lower the pressure, the boiling point 
temperature no longer stands at 212^ but lower in 
proportion to the decrease of atmospheric pressure. 
Increase the pressure upon the surface of the water, 
and the boiling point rises above 212° proportionally. 
But when even under the average barometric pressure 
of thirty inches, the boiling point will rise and fall 
under certain ciroiimstanoes in the operation of boil- 
ing. Thus it was very early discovered that the very 
material of which the vessel was made in which the 
boiling was carried on affected the temperature of 
the boiling point, raising or lowering it according to 
circumstances. Further, that in the same vessel the 
indications of the thermometer were dependent upon 
the position in which the bulb was placed: thus, it 
showed a different temperature wl en placed in the 
steam space from what it did in the water space of 
the vessel in which the boiling was going on. Let us 
examine further into the phenomena displayed in the 
boiling of water — say, in the glass retort or flaak of 
the analytical chemist, in which a spirit lamp placed 
in the retort stand, below the retort, is the heating 
medium, and which when once adjusted may be relied 
upon as a source of heat nearly constant in tempera- 
ture — not fluctuating, as in the case of a common 


fireplace ; commencing the simple experiment with the 
fiask or retort filled up within an inch or two of the 
top of neck. Amongst the first phenomena observable 
w^ be the rising of the water level : probably it may 
rise to the very edge of the neck, or it may even rise 
so high as to flow over the 6dg^, This is evidence 
that there has been a repulsion of the molecules of 
water, causing them to occupy more space than 
before. This is dearly an indication of the “ force ” 
created by the heat, as the repelling force has 
obviously overcome a force greater than the normal 
attraction of the molecules. Watching the pheno- 
mena as they arise, it will be observed that a series 
of dear, bright bubbles form, and become more or 
less clustered on the bottom and partly up the sides 
of the flask. As the heat of the lamp is constant, a 
larger and larger amount of heat increments is taken 
up by the water, and the dear bubbles will be seen 
to detach themselves from the glass, and rising to, 
break through the surface and pass into the atmo- 
sphere. These bubbles are filled with an invisible 
vapour, the vapour of water which is virtually steam ; 
and it will be noticed that the bubbles as they pass 
from the surface of the water in the flask arc less 
in bulk than when they rested on the bottom of the 
flask. This arises from the fact that the hubbies as 
they rise from the bottom, at which point the water 
is the hottest, reach a level in the body of the water 
at whieh its temperature is much lower or cooler than 
the water at the bottom of the flask. Passing through 
this colder stratum of water, the vapour in the bubbles 
is partly condensed, adding thus to the heat of the 
water at that level, and the bubbles, now much smaller, 
rise to and pass from the surface of the water. As the 
increments of heat are added to the water at the bottom 
of the fiask, and this becomes hotter, the bubbles rise 
more quickly ; and as the level of the cool portion of the 
water is changed, the condensation is less and less marked, 
till at last, the whole body of water becoming of uniform 
temperature, there is no further condensation of the 
bubbles of vapour ] these, therefore, rise rapidly to the 
surface, and are passed away as steam, taking the form 
of a white cloud of vapour. This is what is popularly 
called steam,*' — ^butit is not the true steam, wliich is 
an invisible vapour when formed, but being partly con- 
densed by the colder atmospheric air, it becomes visible. 
If a few glass globules, or other light floating bodies, 
were placed in the flask, the existence of a continued 
current would be made manifest, the globules being 
carried down by the colder strata of water towards the 
bottom of the vessel, and upon this getting heated would 
rise, till by the uniform temperature this continued 
current would largely ceoM. These currents are caused 
wholly by the heat, and are in themselvee manifesta- 
tions of a force, the result of the heat increments passing 
from the heating lamp to the water in the fiask. 
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CHAHTER V* 

Aihlar and OouMd SttbUe Work oomUnod in WiadowB. 
lir fig. 30 wd illustrate another oombinatiotL of 
ashlar work with coursed rabble. This shows the 
disposition of stones in a wall in which there is a 
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window opening, as a a. Technically, all openings, as 
doors or windows, are called “ voids — that is, empty 
spaces or vacuities, by which the continuity of the wall 
is interrupted. The void or opening is ** spanned,” 
or, so to say, bridged over, by a long flatHsurfaced 
single stone, b b, called a ** lintel,” the corresponding 
stone 0 0 at foot being called the ^^cill.” The **ashlar” 
quoin blocks are at d d, the interior filling between 
them being of coursed rubble work at e «. Another 
void — the arrangement of window being known 
as a two'light ”-«-is shown in fig. 31*, the wall or 
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«< pier” b et ween them being in ashlar work. In 
plsce^ of ooursed rubble, as at b, the wall may be 
iocgosed of irregularly shaped stones, as at e, and each 
Sto^ very carefully ** pointed, ”*^for which operation 
see a sooceeding chapter. A variety of window lights 
W^h. their stone dressings will be found illustrated 
m paper entitled “The Dbmestic House Planner,”' 

» T 


and in the Supplement sheets embracing examples of 
the styles of Domestic Architecture. 

Cksntertd Work la Btoas Llatols, dlls, ote., oto. 

The lintel y* in fig. 30 and the oill g are shown 
with a doable line at the bottom edge. This does 
not continue along the whole length of the lintel 
edge, but is seen to stop short of the oills, being 
terminated by curves. This method of finishing the 
edge of a block is called technically a ** chamfer,” and 
how it is done requires further illustration. When 
two sides of a block meet at right angles, the comer 
or sharp edge formed is called an ** arris.” Taking 
the arris off a block, either by way of making a sharp 
comer into an easy rubbing surface, as at the side 
posts of a door, or for giving the variation to the 
outline, more or less ornamental os it is supposed to 
be, is siniply cutting a port of the comer off by 
paring, planing or sawing, in the case of wood, or by 
the chisel in case of stone. A comer so treated is 
shown at a in fig. 6, Plate III., in section, and at 
h m elevation. This ** taking off the arris ” from 
a block is sometimes otherwise called “ bevelling ” 
or "splaying" (see “The Bricklayer” for an illus- 
tration of a splayed brick), generally a “cliamfer.” 
In some cases the bevelled portion continues to 
the end of the block, as at 6. But if it stops 
short of the end, as at s, it is called a “ stop oham* 
fer,” and may be finished as there shown. It may 
terminate with a curved line, as is done when the 
" bevel ” or " splay ” is straight-faced, as in fig. 32 ; 



. am 
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but if the arris be taken with a curved face, as 
shown in the sketch to the extreme right of fig. 38, 
the " stop chamfer ” terminates with a curved line, as 
at d» In fig. 6, Plate III., e $ shows in plan the stop 
chamfer curved in face, as in the section at right 
of fig. 83. Fig. 82 further illustrates plain and 







curved-faced chamfers (see the paper entitled "The 
Jcdner ” for further illustrations of ** chamfers,” and 
the " Cyolopndia of Technical and Trade Terms ” for 
the meaning, derivation and foreign equivalents). 
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WMtlitrtd ftnd ‘^^Throitid" Window SUlii 
The “ sill of a window, as at o in fig, 30, is gene* 
rally cut or wrought in a peculiar way, This is 
illustrated in fig. 34. The sill is not made fiat* 
surfaced, with the top parallel to the bottom line— 
that is, with the^ front face of the same depth as at 
back— but slopes downwards from a certain point 
to the front edge, the slope having as ite height 
the distance as shown by the dotted lines in fig* 34, 
This slope is given to the upper surface, part of which 
projects beyond the line d of wall, m order that the 
rain may pass away from the tc^ of the sill, and 
running down the front face, drop to the ground as 
at arrow o. This fdoping surface, shovm in com- 
plete sill at //, fig. 34, 
is what is technically 
termed ‘‘weathered,” 

But a little considera* 
tion will show the pupil 
In masonry that wher 
the rain passes down the 
front face of the sill, on 
reaching the corner it 
will be apt by the force 


fig. 84. 



of capillary attraction— or maybe blown inwards by the 
wind, in, towards and along the under surface, and by 
this means— to pass to the wall, as indicated by the 
arrow 6, fig, 35. Now, it is an Object of importance 
to keep all rain “drip" 
from reaching a wall. This 
is prevented in the case of ^ 
the sill by cutting in the 
under side of it near the 
wall a groove, as (f, running 
along from end to end. On 
the water or “ drip “ reach- 
ing to the outside edge of 
this, it cannot of course 
pass across the opening of 
groove or upwards within 
the groove, and therefore 
drips to the ground. 

Coping Stonoa, *‘Wtsth«r«d“ and « Throatod.’*— Anglo 
Qnoins. 

Enclosing walls are generally finished at the upper 
part or top course with a line of stone blocks. These 
are sometimes weathered on one side — that is, they 
have the sloping surface to died off the rain on one 
side only, as in the diagram to the left in the upper 
part of fig. 35. Usually, and in good work, the 
coping stones are weathered or sloped on both sides, 
aa shown in the diagram below. The sides are 
usually plain, as the side & to the right of centre line. 
They are sometimes curved with an ogee curve 
.(see the separate paper on “Mouldings,” forming 
one of the aections of the leading paper entitiad 


“Hie Technical Points connected with Form and 
Colour in Industrial Decoration), as at side e. In 
this diagram the coping stones are “ throated,” as at 
dd. When window or door voids are arched over in 
place of having a fiat lintel, as in fig. 30, and are 
dressed with quoins at the sides, the quoin block at 
the top of each side of opening is out with an angular 
face to serve as an abutment for the springing arch 
at top. This may be, as at o or d, to the right of 
fig. 35, or the blocks may be out as at a and h in 
diagrams above the last-named, part serving for the 
vertical part of the quoin, and part for a portion of 
the springing arch. 

Ifatheds of Bcadiaa or Joining. Stoats other than those al* 

ready desorihed^Ooimect- 
tag Stones XeohuiloaUy 
description of Yarions 
Methods with Betalls. 
Before proceeding to 
illustrate the various 
forms into which stones 
are cut in order to serve 
as part of buildings, do- 
mestic or otherwise, it 
will here be necessary 
to go further into the subject of “bond.” This, 
however, only so far as methods other than the 
principle of bonding the stones of a structure together 
which we described in the latter part of the preceding 
chapter. Tliat principle 



Fig. 88. 


of placing or disposing the 
stones of a structure so 
that they shall interlock, 
so to say, with one 
another, constitutes what 
is “ trde bonding.” There 
are other methods which 
are more purely mechani- 
cal, inasmuch as some of 
them demand a special 
treatment or cutting of 
the stones so as to form, 
special interlocking or dovetailing parts by which the 
stone are mechanioAlly held together. In other methods 
special appli^moes purely mechanical, and for the most 
part formed of iron or wood (chiefly iron), are used. 
All the methods comprised under these two classes 
may be termed methods of bonding stonework 
fiupplementaiy to what we have called the true 
principle of bond, or “mechanical bonding.” This 
“true bonding” here refetred to may also be termed 
the natuml method, being intrinsio, so to say, to, ot 
purely characteristio of the stones themselves; ea^i 
as affording the means to bond with its neig^boiir 
according to its plaoemenit or disposition in the well 
or general structure. ^ 
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DRAXKAOK 07 liAjrDfi OB SOILS fiUlTABLB FOB TBB C^PB 
AND LzVB StOCS 07 TB^ FABHBB.-*IT8 EISTOBT, 
Pbikoiplbs, And Pbaotzoe. 

CHAPTER IL 

At the oonolusion of the preceding chapter we stated 
that drainage improved dry soils, such as those of sand 
and gravel. The way in which poor arid soils are 
improved is, that the stones or paHioles of which 
they ai‘e composed may contain clay as a compo- 
nent, and by the action of air and water, afforded 
by draining, disintegration of such particles takes 
place, thereby furnishing clay by which the soil 
gradually becomes more and more retentive the longer 
these agents continue to act, until at length the soil 
becomes sufficiently retentive of moisture to support 
healthy vegetation. It may here be noticed that a 
similar action takes place when monurial matters are 
carried down to such soils through the agency of town 
sewage irrigation cai'ried out in conjunction with good 
drainage. Hence one of the great advantages of this 
class of irrigation in soils such as here named. As 
is well known, they are specially adapted, markedly 
in the case of sandy Foils, for the utilisation of town 
sewage. (See ** The Irrigator.”) 

Importa&ee of Good Deiign in Drainiag Operitloiui.* 
Syitematlo layiag or sottlBg out of tho Bralni. 

A frequent cause of inefficiency, and at the same 
time of unnecessary expense, in draining at the pre- 
sent day, is want of comprehensiveness and system in 
laying out or designing the work. This may be 
exemplified in such a case as a single field, or several 
contiguous enclosures, in a farm or estate being drained 
without due provision being made at the time, either 
in the direction or depth of the outfall, or branch 
main drains, or the size of the ducts of such drains, for 
their being made available for carrying the drainage 
of an extended area of ground to be drained at a 
future time *, or that it may not in any way interfere 
with the efficiency of such future draining. The extra 
cost of lifting and relaying a portion, or perhaps the 
whole of the main drains alre^y execute, with the 
junction of the small or feeding drains, may be the 
least evil consequences of such want of foresight. The 
teat of fcklll in designing draining operations is effecting 
the thorough drainage of the greatest extent of ground 
with the fewest outfalls and the least length of main 
drains. This can only be attained ezperienoe and 
httention in the art, and the most cmful observation 
of all oizoiimstanoes that can In any way bear upon 
the cpeiaticn, not only in the immediate locality of 
the work in band, but also in the surrounding distriot ; 
and to thiA mutt be added that most esmtial property 
in the skilfiil drainer of fomight. Ho draining, of 
mvm the smallest extent, should ever be oommenoed 


without first having the leading drains traced upon a 
correct plan of the ground upon a large scale, and evety 
consideration given to after extension of the operation, 
before finally deciding upon the direction of such 
drains ; and a correct section of the course of saoh 
drains should also be prepared, for whi(?h the levels 
should be taken at not more than one chain’s length 
ap^t. 

Ability in deiignlsg, end Skill in oarrying ont, tks Details 
of a Good System of land Drainage. 

The last cause of the anomaly spoken of requiring to 
be noticed is the ineompotency of the perwons frequently 
entrusted to desigti and superintend so important a 
work as the di’aining of cultivable land, Faimors, 
at least those of the past day, were not always 
possessed of sufficient soiontifio knowledge to design 
and sufficient technical skill to superintend the execu- 
tion of all the work with that accuracy which unfailing 
success, and tho utmost economy, in draining requires. 
The vocation of tho farmer is not always the most 
favourable to* that training of mind and exercise of 
thought which deals with the various combinations 
of ciraumstances which drainage of considerable extent 
frequently demands ; and it is not always timt the mere 
farmer will give that careful attention to the effect 
of more simple circumstances which will in most 
oases influence the success of draining. However 
unqualified the persons just named may be to design 
and superintend the execution of draining opera- 
tions of considerable extent, or in any way of a 
complicated nature, with certainty of successful effect, 
still more so must be many persons who follow land 
draining os a business of life, and who, being often 
without the rudiments of the most simple education, 
must find it difficult, if not impossible, to succeed in 
an undertaking i-eqniring, in its proper execution, not 
only considerable scientific attainments, but also great 
experience in the azi/, careful observation of cii'oiim* 
stances, and much foresight. And yet to such per- 
sons work is entrusted, not ozily of considerable 
extent, but also frequently under great complexity of 
circumstances, to he designed, and its execution 
superintended. Where such a class of persons is 
so frequently employed to conduct the o{>eration of 
draining, the wonder is that it should ever succeed, 
not that it so frequently fails in being thoroughly 
efficient.* 

In order that so important an operation as land 
draining may be infallibly efficient and economical, as 
it might be, men fully qualified to design and conduct 
the undertaking should be employed to consider all 
the drcumstances which may have' an influence on 
the operation ; to prepare a comprehensive plan of alt 
tha leading drains i and to report on the best mode 
of conducting the work, and the cost of oarrying 
it ont to a saceeMfnl issue* This, since tha 
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ordniiiee mapf, whidi being eappUed to the poblio at 
a mefely nominal price, have supmeded the neoeciity 
of a special sorvej for a plan of the ground to be 
drained, may be done at a very insignifioant cost 
Aoouiutelj prepared eeotions of the leading draini^ 
a properly drawn speeification of the work to be 
executed, euperintendenoe of the work whilst in 
progrettfi, and oertifloate of due oomplianoe with the 
epeoifioation of the work when completed, may all 
be had at a very moderate charge, not in many caaet 
exceeding five ehilUnge an acre—- an amount email in 
oomparinon to the coat of the oonsequenoee already 
pointed out as likely to arise from the errors of in- 
competent persons being emplcyed in a matter of so 
much importance as land draining^^ operation on 
which improvement of the fertility of the soil in the 
first and greatest degree depends. 

Brief Olaaoe at ths Eistoxy of Land Bralaago, with sows 
Sag fwtloaf dewin| out trm it. 

Before entering upon the practical details of the art 
of draining lands or soils fitted to grow farm crops, we 
shall take ocoaaion to glance at a few of its historical 
features, as those are oaloulated to convey something, 
if not of an absolutely practical character, at least of 
what may suggest points of some value. As in other 
uf what may be called the primary arts of civilisation, 
in which the immediate support of life and much of 
its comfort is secured more or less directly, we have to 
go back to the time of tlie Romans for the earliest 
notices of the praoiioe of the art of drainage. Thoae 
wonderful people were essentially a working people, 
and although far from disdainful of aU those things 
which minister more to the luxuries than to the 
necessities of life, they, at least up to the later and 
the last periods of their national existence, when luxury 
was thought more of than labour, were distinguished 
for the close care they paid to all kinds of praoiioel 
work. Of all the primary arts of civilisation, that of 
agriculture is the essential one which must precede 
all others and be carried on without interminion or 
neglect, if succeeding arts— life, indeed, itself— are to 
flourish. Hence we find that they paid great atten- 
tion to farming, and some of thrir methods, con- 
trivances and mechanical appliahoes, foreshadowed or 
anticipated by many hundreds of years what form 
now part of the work of the modem art. Drainage 
was not overlooked, nor its advantages altogether un- 
attained, through lack of methods of oanying it out. 
Those we find more or less clearly, or as we might 
with perhaps greater truth say obscurely, explained 
by several of the Roman writers of poetry as well as 
of prose. They were, as may ha readily oonjectuted, 
simple, if not ci the simplest in character ; and that 
their form was handed down and seen exemplified 
in the praotioe of this country hundreds of yearsafter- 


ward% ttoe is no reasCn to doubt That during^ 
latter period of their dominion in this country, tilhy 
of land for corn-growing purposee—not its prepaxatkm 
and maintenance for purposes of pasturage, which, nmh 
as it was in all its neglected rudeneas, formed for kmg 
periods the peculiarity of British agriculture— was 
carried on, there is abundant evidence to show. Perhaps 
the most striking part of this evidence is that of 
the land throughout the kingdom, especially in the 
southern parts, extending from the coast nearest the 
Continent to as far as Anglesea and the Isle of 
Man, — ^whioh latter indeed they, the Romans, called 
the granaries of the western provinces. That the land 
which is now and for many generationB back has been 
occupied by pasture was under tillage in the times 
of the Romans is beyond all doubt. This (to quote 
the words of one of the most experienced, practical, and 
most intellectually cultivated of our mc^em writers 
on modem agriculture, now gone to his rest) is clear 
to every one practised in agriculture who examines 
the ridges, furrows, banks, roadways, landmarks, 
cuttings, etc., still to be found ; . . . when we reflect upon 
the time which has been spent in working up many 
of these old lands into their present ridges, and to 
ploughing down sides of hills into the breaks so 
often met with, and the care exercised to forming 
l^em toured tfiem of watery we shall be convinced that 
those marks of eultivation were not found to the 
occasional breaking up of wastes for a temporary 
growth of com, but owe their origin to an age cf 
o&ntinuout tillage conducted with considerable f kill 
and the use of ploughs very superior to those wooden 
stakes we see delineated on Saxon coins and diawtogs. 

. . . Thoae pasture lands, with all the indubitable marks 
of having been once under tillage or oom culture, are 
known by equally indubitable evidence to have been 
under pasture for ages. But other evidences of wide- 
spread tillage, in other and what would seem to be 
most unlikely places — even the very hili<tops in some 
districts — are to be met with . Any one at allaoquatoted 
with the internal condition of this oountiy for ages 
subsequent to the departure of the Romans cannot 
possibly refer this high cultural condition of the 
land to the ever-varying and ever-restless hordes of 
tovaders who came to * harry the land of otir fors- 
fathers,* still leas to the undisdpltoed of those 
whom they invaded. And all histoiy potota, moreover^ 
to the fact -of the bw condition of agriouitum for bug 
and long alter the country became settbd under the 
sway of the Hoxmana. Nor to Che Normans them- ^ 
selves, any more than to the mtoed people into whii^ 
the nation, so to say, concreted thein^ves, and whkb 
formed the same race we now ^k of as Hnglxali, wliw 
lived for a bng period after the Norman eway wm 
flnnly establish, codld this high state of cuhuiel. ' 
practice bo attributed* \ 
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CHAPTER V, 

▼•riwtlit «f fmtt* (fitmtimvtd). 

As the end 6f laiit chapter we alluded to the fact that 
the dranghtaman can now get for a penny a better 
quality of pencil than many of tne ahilUag pencils of 
thirty or forty yean ago* For, dear aa they were, 
th^ were not to be relied upon ; and we have known 
a shilling pencil to be frittexed away neai'ly to the 
end in the vain endeavour to bring it to a point fine 
enough for work* To be sure, it is possible that the 
pointing.** may have been — very likely was— done in 
the wrong way ; for in this process, as in all others, 
as we have already said, there is a good way and a 
bad one for carrying it out. And on this point of 
** pointing ** we shall presently have a word to say. 

We have used the word “ brand ** or “ mark ** as 
denoting the character of the pencil purchased. The 
brands used are such as F, which indicates that the 
pencil gives a fine or light lino, neither too thick or 
dark, nor too thin or light — what may, in brief, be 
called a medium line, the ** lead ** being neither too soft 
nor too hard. In the descending scale of softness, as 
giving a dark, black, and broad line easily, we come 
to the brand of B, or black, and lower in the scale 
still is the B B, or *Mouble B.** But these three 
pencils are but rarely used by the architectural or 
engineering draughtsman, being chiefiy employed for 
ornamental work, where shading more or less, and 
where dark, broad and bold lines are required. The 
F may, however, be used for many purposes, as for 
sketching architectural and engineering details, for 
note*book ** work, or for roughing-in working draw- 
ings and sketches on the board. The pencils used by 
the engineering or architectural draughtsman are all 
in the ascending scale of hardness above the F, The 
pencil next to this is branded as H, being a ahade 
harder than the F. The next grade is the H H or 
double H," and the next, generally the highest, 
is H H H, or treble H/* although pencils are made 
with the ** four H ** mark, which if true to brand are 
very hard indeed. The brands H H and ^Hreble 
H ’* are those most frequently used, as giving a fine 
and light Hne, or rather a narrow hair-^lilM one. 

Vlaeasssef Xdais. 

The fineness or ^'narrowness** — generally spoken 
of ms thin in opposition to " thick,** or more correctly 
** broad** — ol a line is of importance. Tliis will be 
seen when it is remembered that, in addition to other 
requirements in a line, it often happens that a centre 
is required to be obtained fay the intersection or 
catting of two lines. Now, the narrower or finer 
those lines are, the more predsely ean the point of 


absolute intersection or cutting be obtained. With 
very broad lines the point of actual intersection could 
not be easily ascertained. To make the pencil, even 
with its appropriate brand, give a narrow or fine line, 
it is essential'that it be finely " pointed.” 

Petatlag or Prsfaxiaf fhs PeasU to Work, a Polat of 

Zmportsaos to tko Praafktiauai la tko Aooaralo PxawlBf 

of Liaoi. 

To point a pencil properly for drawing, it is 
necessary that the point be long. The young 
draughtsman will see the necessity for this after he 
has, with thoughtful attention, drawn but a few 
lines along the edge of the which lines 

have to pass though given points previously marked 
upon the paper. If his pencil point be short and 
stumpy, he will find that the veiy Udckness of the 
point will be the cause of his not actually seeing 
that the point of the pencil goes over or intersects 
centrally the mark made on the paper. Those marks 



Pig. a 

are often of the very smallest, such as are made by 
the gentle prick with the fine point of a pair of 
compasses or spring dividers. And remembering this, 
it will be observed that it is necessaiy to have as 
clear a view as possible of the position of the point 
through which the line is to be drawn* If tbo 
young draughtsman will put the matter to the test, 
and try to draw a line through a given small point 
along the edge of the T^'square— the tluckness of 
which itself, be it noticed, here tends to olisoure or 
bide the exact position of the point— he will see the 
importance of attending to this matter of finely point* 
ing his pencil, and our remarks will be all the more 
fully enforced. Iiet him point a pencil as at ▲, and 
another as at B, in fig. 3 ; and let liim try the two in 
drawing lines along the edge of the T -square to psa*« 
through paints ae finely put in as pcssiible, and let hioi 
frankly say with which he feels most confident that 
the lines go through the points aooaratdy, and with 
which he feels he con draw the easier. In the diagram 
a, the part from o to 6 Is the pore uncovered lead 
of the x>«tkcil j from 6 to « is the tapering part of the 
wood. Borne will be inclined to say that such a long , 
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point of pencil lead ae from a to 5 could not be made ; 
that it would break off before it could be finished. 
No doubt it wouldi or wiU, if the trial be made in the 
roughs free^nd-ea^ whittling style we have seen 
, many attempt to point a pencil in. Tke (^ration, so 
far as it goes^ is a delicate one, and as to the exposed 
lead part, that must be dealt with tenderly. Even 
with the greatest care, unless the lead be of high 
quality it is apt to break, even with the sharpest 
knife. The best plan to ensure a long and a perfect 
point, as from a to 5 in A, fig. 3, is to gradually and 
gently cut off the wood, and expose the lead from the 
point h to a in fig. 4 ; and this should be brought 
to a point by rubbing it gently on glass paper— such 
as that used by joiners and cabinet makers to smooth 
the surface of their work. This is better than a fine 
file, which some draughtsmen use. For if the sand* 
paper be glued or gummed down to a piece of thick 
oardboardi or a piece of thin wood, a much more 



Fig. 4 . 

delicate manipulation of the pencil and a finer point 
to it are secured than by the use of the file. There 
is some care required to cut down and off the wood 
covering the lead. It is best to begin at a distance 
at least as great as that from o to in fig. 4, first 
cutting a thin slice down on each end of the diameter 
of the pencil so as to make it square, thereafter 
rounding off the corners of this end, gradually expos* 
ing the lead, as at a 5 in same figure. The young 
draughtsman must not think the time lost in r^ing 
these remarks on the pencil, which he may consider 
as altogether too minute and particular for such a 
trifling matter. He will not in practice find any* 
thing trifling which has to be done, and done wdl ; 
and the pencilling must be done well, otherwise the 
drawing will he poor and defective. 

Fraotioal Work ia tks Drawiag ef Xiass tbs Basis of all 
w4U-«aseatsd Brawiagi.— Fsrietiii ef Iiiei.-**Vis ef tks 
T-sqaaie. 

The young draughtsman having acquired the art 


time before he becomes a proficient in it-**he will 
now be able to proceed to his work, and this at fifst 
will be the drawing of lines. He must not think this 
to be mere peddling, trifling work. Although vastly 
easier to draw straight lines means of his 
appliances than it is to draw them, as the ornamental 
draughtsman does, merely by tbe manipulative 
dexterity of his hand and the accuracy of his eye 
(see ‘*The Ornamental Draughtsman ”), — still to draw 
lines with quickness and uniformity of breadth, and 
to have the facility of stopping them exactly at any 
point without passing beyond it, will taka some time 
to master so that he can do this work with facility 
and correct precision. It is not, however, to illustrate 
4he method of drawing lines in various directions and 
of given lengths that we here direct his attention to 
the subject of lines. This work he will learn best and 
quickest to do by thoughtful and careful practice. 
What we wish here to explain to him is the facility 
with which lines can be drawn in different relation to 
each other, as perpendicular or {sirallel and the like, 
by the use of simple appliances now to be described. 
To draw lines in these relations by such appliances is 
a much more easy thing to do than to do them by 
the ordinaiy geometrical problems, although it is 
essential that the draughtsman should be acquainted 
with those, as he may have to apply .them in dreum* 
stances where the usual drawing appliances are not 
available. Lines parallel to each other (see “The 
Geometrical Draughtsman’*) dan be drawn through 
any number of given points, and at distances from 
each other within the compass of the paper and 
drawing board, with the greatest facility by means 
of the J-square, This has simply to be moved 
along either tbe side ah or cd, fig. 1, of the 
board, till the edge coincides with tlie point or points 
through which the line or lines are to he drawn. 
The finer the point of the pendl, as a 5, fig. 3, the 
more closely can the edge of the blade of square be 
brought up to the point through which the line is to 
be drawn, and the more precit^ely and readily can tbe 
line be drawn to pass exactly across or through the 
point. If lines parallel to the sides, as a 5 or c 
of the board, or along the board or paper, fig. 1, 
have lines drawn to them at right angles or perpen- 
dicular to them (see “The Oeometrical Draughtsman”), 
those perpendicular lines can be drawn by simply 
moving the T*square so that the head or stock, aa 
a a, fig. S, shall slide along one of the sides, as ah; 
the Uade, 6 6, running across the board or paper* All 
lines drawn along the edge of the blade will be at 
right angles with or perpendicular to all lines drawn 
along the board— that is, when the head or stock of 
the square was used along ope of the endi^ as 


of pointing his pencil fairly wdl-^t wQl be some fig. 1. 
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IHB BIXAX EVatSX VSSR. 

Tas Diffebent Olabbeb or Engines Used chiefly tob 
Hanufacyuung and agexoultubal Fubposes.— The 
Leading details or Steam ENOiNEa^(;oNiTRt 70 TivE 
AND Opebativb— Their Practical Working and 
Economical Management. 


CHAFTEIt II L 

CONTiNCiNo the general or popular description of 
the indicator, begun in last paragraph of pi^eced- 
ing chapter, and referring to fig. 1 there given, 
we have to state that the j^encil of the “ drum " 
g g being in contact with the paper on it, the result 
of the two motions is the tracing of an irregularly- 
shaped figure, which is a gniphio representation of 
the course of the piston jind the varying pressure 
of the steam upon it, and of which the mean pressure 


358 

to know the condition in which it works, and the fault, 
if any, which it possesses. ) 

Qsnsral or Popalir DooeriptioR of the Biafiamo taken by the 
Xadieator.^** Distribution** of tko Itoam in a itoam 
Engino Oylindor. 

In order to enable the young reader to understand, 
in a way suihciently clear for tlie present, how the 
indicator gives a diagram as desonbed in }u*eceding 
|>arRgruph, it will be as well to go into a brief state- 
ment of the principle of expansive working of steam 
in the cylinder of tlie steam engine. And first it will 
be necesstiry briefly to explain what is technically 
termed the ** distribution ** of the steam in the steam- 
engine cylinder ; and for this purpose we shall take the 
foi*m in which a “ three-ported " or “ 1) valve is 
used, which is technically cidled a *< short slide.” 

One of the ports sends the steam to the under side. 



which it indicates isasoertained by a simple rule. Tlie 
mean pressure thus obtained is used to calculate the 
power of the engine thus Multiply the area of 
the piston in square inches by the mean pressure 
upon the piston, by twice the length of stroke, and by 
the number of revolutions per minute, and divide the 
projduct by 33,000.” (Other rules and calculations will 
be given hereafter,) Erom the power thus obtainedt 
the loM occasioned by friction of the various parts and 
by the back pressure of the steam on the piston is to 
be deducted — which on an average may be set down at 
on^fourth or one-fifth of the indicated power. By 
the use of the indicator the effective power of the 
engine is not only obtained, but by the very sbi^ or 
form of the diagram which it gives we are enabled 


one to the upper side of the piston ; the tliird port, 
which is alwayn between the other two, loading to the 
** exhaust ” tul)e, which passoH off the waste steam to 
the atmosphere. The valve covers two of the ports, 
one of which is alway* the exhaust port. The diagram 
in fig. 2 iliustiutes the distribution of steam in a 
three-ported cylinder during one revolution of the 
crank, this Ijoing the movement of the piston, a, from 
top to bottom in a vertical, or end to end in a hori- 
Eontal steam engine, %s in the diagram, carrying the 
crank through one-half of its revolution, and then 
from bottom to top, canying the crank through 
the other half of its revolution, and thus completing 
it. The points in the revolution of the crank 
in which it is in an exact Hne with the piston- 
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Itod a a ave called ite ^^dead pointy** beoauae tbe 
piffton hac no influence in moving the onmk round 
at theee points^ but aimply a hauling tendenoji aa Ci 
bf and a pushing one at the other, aa at The fly* 
wheel, in the momentum which it h$M received during 
the period when the piston haa been giving the crank 
ita full force, carries the crank past these dead points* 
The eccentric, which moves the valve, is fixed on the 
crank shaft, and is, in point of fact, a crank itself, 
changing its circular motion into a rectilineal one hy 
means of straps and a rod, part of which is shown at 
/, ihe plajr of which ia just double the distance between 
the true centre of the eccentric and that on which it 
is actually hung on the riiaft. The ^Hhrow of the 
valve is so arranged that when the piston d d is, say 
nearly at the top or outer end of the cylinder s s, as 
in fig. 2, the slide valve, //, is at that position of its 
stroke when the upper or right-hand steam port is 
about to open, to admit the steam to the upper or 
outer side, g p, of tbe piston d d, the lower or left- 
hand port opening so as to allow the steam to pass 
from the lower part of cylinder, d d, h h, to the 
open air, through the exhaust port,*’ placed cen- 
trally between the two, or right- and left-hand ports; 
when the piston dd gets to the end of its stroke in 
the cylinder s s, the valve has been passed through 
half of its stroke in the ^posito direction, and is 
Just about to open the left-hand steam port, to admit 
steam to the under side, 4 A, d d, of the piston. In 
this arrangement the eccentric is placed at right 
angles to the crank, and one port op^ immediately 
the other is closed ; so that steam is admitted during 
the whole passage of tbe piston from end to end of 
the cylinder. This brings about a state of matters 
very prejudicial to the working of the engine ; thus, 
the speed at which the piston travels varying accord- 
ing to the pressure of the stoam from 220 op to 500 
per minute, the young reader will easily perceive that 
at the end of its stroke the Speed muH be reduced to 
nothing before it can be impelled in the contrary 
direotion-^just as a man must atop or reduce his speed 
at the post'in running before h4 can begin the return 
journey. This sadden stop may either be made by 
coming in contact with the blinder end, tending to 
knock it out, or by pulling on the crank through the 
medinm of the connecting rod, supporing that the 
piston is prevented from going to the end of the 
cylinder hy shortening to some extent the connecting 
rod« This in practice is what is done, the piston in a 
siz-horae engine being stepped within a distance of a 
quarter of an inch from the cylinder bottom. At the 
then, of one movement of the piston it is palling 
at the crank, and at the other end pushing at it in 
the opposite direction, with a force due to tbe momen- 
tum 61 a jqpeed of from 220 to flOO feet per sninuta 
The reader will at once see how this ie Hkdy to looean 


the bearings of the orank-du2ft pedestal hy puQiil|g 
end pushing it alternately in opposite directions, and 
give great shocks to all the moving parts. Toobvkte 
this evil the valve ia so set that the pojrt towards 
which the pist^ is progressing is opened a ti,ttle 
before the piston completes its stroke, so that steam 
is admitted to its opposite side, acting as a cushion, to 
' to speak, and bringing it to a dead stand without any 
undue strain upon the oemneotihg rod end , crank. 
The distance which the valve is thus opened is called 
the lead ** of the valve, and in a six-horse engine is 
usually one-sixteenth of an inch. It is so called, we 
presume, from the valve being led eo much in advance 
of what is its ordinaiy position as first described. But 
as the steam thus admitted to the under side of the 
piston before it has completed ita stroke is of the 
same pressure as that on the upper side of the piston, 
the full effect of the lead ” can only be obtained by 
some means of reducing the back pressure on the 
upper or steam-pressed side of the piston; this is 
obtained by setting the valve so that the ''exhaust 
port ” will be opened a little before Uie piston has 
completed its stroke, thus permitting some of the 
steam to flow away, and release the piston df all back 
pressure as soon as it oommenoet its return stroke* 
The distance the exhaust valve is thus opened is called 
the "lap ” of the valve, and ia a six-horse engine is 
nine-sixteenths of an inch. 

0sBcral sr :top«lar Bsisription of the IHagrasM tsksa by the 
Zadisater..M.Xzpaaiive Workiny of fltsamH»-Verm ef the 
ladioator magniai 

But in addition to the disadvantages named in 
preceding paragraph, arising from the lystem of 
admitting steam at ito full pressure to follow and 
press upon the piston during its whole stroke, another, 
and a great one, is in the waste of power Ineurred by 
it. Let us see how this arises. Steam is a highly 
eiastio fluid, and, like all elastio fluids, is capable cf 
being compressed and expanded in volume. By com- 
pressing it into a less space we inoreeae its pressure 
and decrease its volume; by expansioa we dacreae# 
ita prewure and increase its volume. Mariotte was 
the first to show that the "pressure is inveieely as 
the volume”: so that if we compress an slastie Arid, 
into half its bulk we double ita daatioity or pres sur e 
upon tbe vessel which contains it; conversely, 
if we allow it to expand into a 9p$iOo twice its 
usual bulk we decrease its pressure cme-half. Kbw, 
by this law, with a' gradually increasing 
we have a gradually decreasing preesore; so that if 
we admit steam to press a piston till it reschss half 
ita stroke^ and then cut off ^bo steam, admittinf 
no more, the piston nmves on, *thiia inefearing ttto 
apeoe into whioh.the stoam expands, dsorsasing Ae 
pressure till the piston, leadbing t^e end of its fftoke^ 
gives the greatest amount of expanrion and leoshe s 



STBAM U81S». 


m 


tilt mjnimnin amonnt oS ita pmnire. Dub ii wliafe 
U mmnt bj the ^'expansion <d ateom,*' end the point 
et which the port in closed bj the valve is celled its 
^^oi|t-off." This maj be at one-helf, but usaelly it is 
' one-thizd or one*foiirth of its stroke. Though there 
is ^dently end in fact e loss of power bj working 
expetwlvclyi there is a greet saving of steam. Thus^ 
taking the cylinder of a high-pressure six-horee-power 
en^e at inches diameter and 14 inches stroke, and 
using steam at 50 lb. of pressure, during the whole 
of the stroke we have a power obtained equal to 
240 lb., with an expenditure of 59 cubic inches of 
steam; but by cutting off the steam at one-fourth 
of ita stroke, we have the power measured now at 
147 lb. — a great loss apparently ; but then we get this 
with the expenditure of a fourth part of the steam (14f 
cubic inches), which is a very great saving. In round 
numbers we may assume that we get 2| times the 
work by using steam expansively. Let us explain 
how this is brought about by the use of a simple 
diagram. Let h h g g (fig. 2 onto), represent the 
outline of a cylinder of a six-horse high-pressure 
engine, the diameter of which is H and st^a 14 
inches. The pressure of the steam employed is 50 lb., 
and the admission of the steam to the cylinder is out 
off at one-fouHh of the stroke of the piston. From 
the point g to % the pressure is kept up to 50 lb* 
Cut off at this point, the steam begins to expand into 
the space formed by the passage of the piston, till, 
on reaching the point or one-half of its stroke, the 
steam has expanded to twice its bulk; and in virtue 
of the law already explained, its pressure is reduced 
one-half, or to 25 lb. On the piston reaching the 
point k, or three-fourths of its stroke, the steam is 
expanded to three times its bulk, and the pressure 
reduced to 16| lb. Moving still onwards, it reaches 
the end of its stroke at h, and the steam, expanded to 
four times its bulk, is reduced to one-fourth of the 
original pressure, or 12| lb. The mean of these 
pressures gives a reduced pressure, but at an expendi- 
ture of a quantity of steam filling one-fourth only of 
the cylinder, from g to t*. 

^ In the lest paragraph but one we showed bow the 
^indicator gave a pencilled diagram' on the pamper 
wrapped round the drum g g (fig. 1) : we are now in 
a 'position to explain the general form and value of an 

indicator diagram" by the help of the illustration 
, last given (fig. 2 onto), and the preceding remarks on 
expansive working. 

The line from y to s represents the rise from the 
etmoq|khevlc pressure existing in the cylinder at start* 
^ up to M lb., which is the assumed pressure of the 
•team admitted to the cylinder, the Ium from I torn 
the contiiitisnce of that preamre during one-fourth 
of ite stroke. The gradiielly curved line formed by 
Joinbtg M^e points m, n, y indy shows the gradually 


decreasing pressure in the pbion as it goes on to 
the end of its stroke. From m to A, upper left- 
hand side of dia^m, indicates the fkll of the pressure 
from that point m to the upper line g 4, which is 
called the atmospheric line." This would make a 
perfect dkgram, but modifications in its form are 
brought about by defective working of the engine. 
In ail diagrams the corners are rounded off more or 
less, owing to the gradual introduction of the steam 
into and its gradual exhaust from the cylinder; 
while all theee are exaggerated by defective setting 
of the valve. Certain defects so indicate themselves by 
certain forms of the diagram, that they are reflected 
in it, so to speak, almost as accurately as the reflection 
of an object is given in a mirror, and oonsequeutly the 
engineer knows how to remedy them. 

Osasral PriaM^ls'ef the Zadisator. 

The indicator may be considered as virtually a small 
steam engine, except that it has not the power to give 
motion, nor is it required to work any machine. Tlic 
steam and vacuum which are in the main blinder 
of the engine are of precisely the same value in iite 
indicator as in the engine* Whatever is the result ot 
force of steam, etc., in the engine qrlinder, it is, so 
to say, photographed on the paper of the indicator. 
Photography in now so thoroughly understood that 
we hope the allusion to it may bo pardoned ; and i 
will undoubtedly picture to the mind of the reader n 
method of reading off and understanding the result of 
the figure or diagram transferred to paper, which thus 
becomes a faosimile of what is at work in the interior 
of the large or main cylinder of the steam engine, 
from which all the results of power proceed. Having 
a clear idea how things are conveyed, though some- 
what mysterious, one will more readily Understand 
what is the nature of the work the indicator does* 

PerhapN some of our young readers may have heard 
of two kinds of steam engines, and therefore th^y 
may be a little perplexed, and wonder which of the 
two we are alluding to in connection with their indi- 
cations. It is, of oouxee, necesiaiy that the diflbrenoe 
between the two engines should be generally described, 
so that every matter in connection with the steam 
engine indicator may be clearly understood. Two 
classes of engines are in use ; and we give a brief 
description of the two so far as the difference between 
them is concerned. One kind is known as the ** oon* 
denting engine," the other os a '^high-presmire engine.** 
Both, of course, are worked steam. Theoondmmmg 
engine is invariably supplied by steam of a much lower 
pressure. 

A low-pressure engine, .or a condensing one, are 
oneand thesame. The oondensiiig engine receives itff 
name.from the rireumstaaoe of t^ steam being con- 
densed as soon as it leaves the i^linder. ' This is don# 
in another qriinder called a ** condenser." 
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IHS 0BAZXEB An CATTLE BBBBDEB An 
VEBDEE. 

The Tbohkical points coitneotbdvith the Vabietieb oh 
Bbeeijs of Cattle— Thkxk Bueedino, Beabing, Feed- 
ing, AND General Management foe the 1>hoduction 
OF BUTOHKBS’ MEAT AND OF DAIRY PRODUCE. 

CHAPTER VI. 

Continuing our description of the **pointe*' of the 
“ Hereford ” breed of cattle, we go on to state that if 
in good condition, and when “full-coeted " — that is, 
with the hair fully grown— the body colour of the 
bright rod is mottled or dappled with tones or shades 
of a deeper red. Any white on the animal is con- 
sidered a sign of defective breed. A white udder 
in a cow may lie overlooked, if the only port of this 
colour, but it would be rather missed tlian (lossessed 
by fastidious breeders. The eye is large and pro- 
minent, and gives a marked degree of placidity to 
the expression of the face; the nose is small, and the 
horns are elegant, in curved contour. As we have 
said, tho carriage of the animal is fine, and the whole 
frame is very symmetiioal. The bosom is full, with 
a deep chest ; the legs are small, tapering, and fine 
in bone below the knee; and where the fore-legs 
begin to swell out at tho upper part, they sud- 
denly lose themselves in or liecome merged into the 
shoulder. The back is straight from the withers to 
the rump. The withers are light, and rest on or 
spring from the shoulders, which tdightly retires 
and spreads, and well rounded below. The hind- 
quarters are high and fleshy. The meat or flesh is 
well laid on the shoulder points, fore-flanks and 
sides ; and combined with what is a particularly 
favourable point in the breed, the peculiarity to lay 
on flesli along their tops, make the breed an almost 
perfect one us a meat-producing animal. 

OlaiiiftfiatioE of Fattoaiag Oattlo aeoordiag to tho Form or 
Xlad of thoir Horai. 

Cattle are by some classed according to the length 
or general chai*iicter of the horns by which they are 
distinguished. Mongrel or cross-breeds are not dis- 
tinguished by Uda point any more than by any other 
of the points by which .** breed ” is known. The in- 
fluence of a multiplicity of ** crosses purposelessly or 
carelessly carried out, bring into existence all varie- 
ties of chaiacteidstioK in form, colour, and feeding 
qualities. The influence of the first cross, or of any 
marked cross at any subsequent period, where the 
cross has been with a pure-bred animal or one ap- 
proaching to anything like purity of breed, lasts a 
long time— much longer then many wonld be dispoeed 
to think, so po\\*erful is the character impreeeed upon 
an animal by a good breed. And of all the points 
which remain longest in their influence the horns may 
be perhaps taken as that point wbi^ ii the moat 


marked. However this may be, it is only ta be 
noticed here that the mong^, or carelessly and re- 
peatedly crossed breeds, show a wide variety of horns, 
although but few comparatively are distinguishqfl hy 
very long horns, — generally they vary between what 
are decidedly short and those which are medium. 
ClasBifying what are called the true breeds of British 
cattle according to their horns, we find that they all 
come under one or other of three classes or divisions ; 
first the long-homed breed, second the middle-homed. 



Pig. 4. 

and third the short-homed. And these three classes 
take in the cattle of the three kingdoms— England, 
Scotland, and Ii'eland. Some writers treat of cattle 
under the national divifdons, aa English, Scotch, and 
Irish, without taking into account or classing them 
according to the length of their horns ; the hornless 
breeds, known generally as polled breeds, falling to be 
described, under this national division, promiscuously 
along with the homed breeds. We slinll describe the 
polled breeds in future paragraphs, as forming — as 
their remarkable peculiarity naturally forms — a dis- 
tinct and special class. 

Tbs LoBf-bsrasd Breed of Oattls , or tbs Longbomi.” 

This breed takes its name — as will be obvious, from 
the illustrations given in figs. 4 and 6 — from the length 



Fig. 5. 

of the h<Htis. Tbesf vary in regard to the curve or 
contour, but the form in the bead in flg. 4 u^y be 
perhaps taken m the most ohaiucierigtic the 
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best animals or purest in breed — at least most common 
in the breed, bending inward and downward and partly 
upward in a line with the cheeks. In other cases, os 
in fig. 6, the horns spread out widely from and in a 
line with the head, sometimes nearly straight, some* 
times turning outwards from the head, but with points 
tinned upwards. The length of the horns is greater 
in oxen than in the bull ; sometimes they reach in the 
former to a length of 42 in. ; from this down to 80 
to 32 in. ; in the bull from 24 m. down to 15 in. and 
16 in. In the cows of the breed the horns ore about 
as long as those of oxen or fattening cattle, but are 
much finer and generally taper off to fine points. 
Different breeders have different tastes in the matter 
of the form or contour of the horns, a difference in this 
respect, if it meets the wishes of the purchaser, bring- 
ing often a much higher price than in an animal not 
possessing the horn peculiarity desired. Fig. 4 gives a 
variety of disposition of bom which is much admired 
by some, and is in fact the characteristic of a vety 
distinguished herd of the bi'eed. 

The breed of longhorns— at one time known as the 
Craven, sometimes the Leicestershire breed— has been 
known, from times the most remote in our national 
history, as the breed of the north of England. The 
localities of the breed comprised a very wide extent of 
country, taking in parts of Yorkshire— of which the 
Craven distiict is the most distinguished in the annals 
of the breed — part of the counties of Westmoicland, 
Lancashire, and Cheshire, parts of Derbyshire, Btaf-> 
fordshire, Shropshire, Warwick, and of Leicester, 
Worcester and Northampton. Although the breed is 
now admitted to . be a hardy one, and does excellently 
well in districts of which the pasturage can have no 
claim to be considered as first-class in quality, yet in 
the earlier days of the history of the breed it was 
considered essential to have pasturages of the highest 
character. Hence districts in which such were found, 
as those bordering the rivers Trent and the Dove in 
the midland counties, gave the finest examples of the 
breed. 

The Ldafken Brted eeatiaasd. 

For a long time the breed had no particular atten- 
tion paid to it in order to improve its natural qualities ; 
these generally were a disposition to grow fat on fine 
pasturage, and to keep in fair condition when this 
was not so good, being on the whole considered hardy ; 
the beef was of good quality, and the hide for certain 
reasons was held in greater esteem by tanners than 
the hides of most oxen. But the breed took no very 
partioalar place as a fine one till about the middle 
last oentuxy, when the celebrated breeder Kobcrt 
Bakewell, of Dichley— often in farming works and by 
many breeders i^t Dishl^ — near Loughborough, 
in Leicestershire, the breed in hand* Bakewell 
may be ssid to be, and in view of other competitors 


for the honour was truly, ^the father of moilem farm ^ 
live stock breeding. He was assuredly the first to 
raise it to the dignity of a sdence, having fixed and 
definite principles upon which its practice was 
Bakewell was perhaps most celebrated, as by many 
he is better and by a few only known, as a bi*eedei^ of 
sheep — the celebrated Dityhloy breed ” being known 
to all acquainted with the hintoiy of this class of 
animals of the farm. As will have bet*n observed, 
from what was incidentally stated in a former pam- 
graph, Biikewell was well awaie of the shorthorn 
bwjed and of its value, but for reasons of his own he 
preferred to take the longhorn in hand as that on 
w'hich and by which he was to ctiriy out his well- 
thought-out views on breeding, Tim 8t<Kjk which as 
the Dichley herd ultimately liocamo so celebrated, 
started from a cow of the Cowley breed crossed by a 
bull from Westmoreland, selocttnl and purchasc'd by 
Bakewell. This ** Cowley ” bived took its name from 
a village of the same name near Coventry, in Warwick- 
shiie, at which farmcnl a Mr. Webster; who had 
brought some cows of the long-horned breed from the 
banks of the Trent, to w hich we have already alluded 
as a favourite place for feeding good animals of the 
breed. Those Trent cows had been got from a breed 
known as Sir Thomas Olasby’s, which had originally 
come partly from Wastmondand and jwvrtly from 
Ijincashire. With the cross of the Cowley cow with 
his selected Westmoreland bull, Bakewell got his bull 
•‘Twopenny,*^ afterwards so celebrated. Applying 
all bis profound knowledge of and skill in breeding 
and management, acquired (diitffly in the making of 
his celebrated Acajks of sheep, and by years of quiet 
and close observation and patient trials, Bakewell in 
a comparatively short time cstabliKhod for his herd 
of longhorns a high reputation, and reaped both fame 
and profit from it, Previous to Bake well’s kbours 
in this wide field of productive work, other brewers 
had succeedffd in giving to certain auimaU or small 
herds breeding qualities of considerable value; but 
this was done, and considered possible only to be done, 
whore the cattle weie fed on the finest fiasturiigos 
obtainable. It w^as reserved for Bakew<;ll to show 
that he could obtain a breed with the desirable qmilities 
even when the land on which they were bred was not 
of the finest. Tlie following is a description of the 
points of the breed, from the [s^n of an able authority. 

'^Tlie fore-end long, but light, to a degree of 
elegance; the neck thin; the chap small and clean; 
the head fine, but long and ta|)ering ; the eyes large, 
bright, and prominent; the horns varying with t^ 
sex : those of the bull or>mparaiively short— from 
fifteen inches to two feet; those of oxen from two 
feet six inches to three feet six inches ; those of the 
cows nearly as long, but much smaller, tapering to 
delicately fine points.*' The horns are variously dis* 
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poidd, iometlmM taking* a direetlon wida q»reading 
in a straight line from the head ; sometimes inclining 
fo^ards with the points turning upwards ; but the 
most common direction is that of banding upwards 
and downwards, in a line with the cheek, the points 
more or less approaching each other, sometimes 
erbssing the nose, or bending under the throat. 
Many of these peouliaritiee have by turns been oom> 
sidered as the most beautiful, and have freqtmtly 
made the difierence of between threq and foTir guineas 
in the value of the animal. The shoulder remark- 
ably thin hnd fine ; in respect of bone, thickly covered 
with fiesh ; the girth small, compared with the short 
and middle homed breed ; the chine remarkably full 
when fat, but hollow when low in condition i the loin 
broad ; the Hips remarkably wide ; the quarters long 
and level; the neck of middle width; tail aet on 
variously; the round bone small; thighs fleshy, but 
tapering towards the gambrels ; the legs small and 
clean, but comparatively long ; the foot neat, and of a 
middle siae ; the carcase as nearly a oylinder as the 
natural form of the animal will allow ; the riha 
standing out bold from the spine, and receiving the 
entrails within them; the belly, of course, appears 

It may appear strange to some readers, sfter all we 
have said in preceding paragraphs as to the high value 
of the ** shorthorn*’ breed of cattle, that Bakewell 
should, although he knew 0 / i^ have passed it by, and 
taken to a breed which has not sustained, and indeed 
never obtained, the high position which he believed he 
could secure for it. But it is generally understood — 
and the belief is based upon the best authority<^that 
Bakewdl deliberately chose the longhorn at the one to 
form a herd from, because he was strongly convinced 
that there was no other breed that' he knew of, the 
animals of which could keep themselveB in such good 
condition upon so little food. And this belief 
is maintained by many still. At present the breed 
is rising in reputation, and of late years it has had a 
sspsirate. class given to it at some of our agrioultund 
shows. The following gives the dimenatona of a well 
known bull of this breed Length, from the rump 
to the extremity of the hip bone, 2 feet 4 indies ; 
from the poll to the tail, 7 feet 6 inches; of face^ 
19 indhes; of horn, 25| inches. — Height, from the 
ground to the brisket, 19| inohea; chest, 24 incbea; 
of the hind-quartera, 4 feet 8| inohea; shoulder, 
4 feet 7 inches; knee, 13| inches; hook, 17 inches, — 
Breadth, across the eyes or forehead, 10|t mohm; of 
the hips, 2 feet.**-Girth, round the ^*ehap,’’ 1 foot 
9^ inohea ; cheek and forehead, 8 feet 9 inches ; neck, 
8 feet 7 inches; cheat, 6 feet 11 indbea; knee, 
inches ; horn, 9^ inches et root ; bone of foie*le^ 
inches; coronet of fore^foot, 14 inches ; bone of hind- 
leg, 9| inches; coronet of l^d-foot, 11 inekes. 


AsWiitaighlsadBrssl 

Following the daasiflcMon of many writers who 
take the British breeds according to theb country, as 
England and Wales, Scotland and Irelsmd, this biwed: 
would not fsUl^ be noticed at this point. But as we' 
are not giving an exhaustive description of all, but 
only of the leading breeds; and as we have—after . 
des^bing the shorthorn se the chief of all die 
breeds— daasifled the others according to their horns 
or the absence of them, we come next to the ** West 
Highland ox” of the Scottish breeds, as an example 
of the long-homed animals. Curiously enough, this 
has by some writers been distinguished as a middle- 
horn breed. This may be, and is, in many cases, its 
char4cteristio, if a cross with the shorthorn ; but one 
mark of the pure breed is its ''noble branching 
horns.” The West Highland breed is not so great a 
favourite se it onoe was; although its flesh is still highly 
esteemed by West-end butchers, the best judges of ' 
what suits the public taste; still there is, notwith- 
atanding, an extensive rearing of the breed, and its 
deportation, and also its carriage as " dead meat ” to 
the southern grazing districts and markets, oonsUtutes 
a large part of the business of the Scottish grasiei^by 
whom, and indeed also by his southern brother feeder, 
the breed is often called " black cattle or as in the 
south frequently the black Scotch, or in its inverted 
form of Scotch black, Tlie br^ possesses many 
valuable characteristics entitling it to the notice of 
the, grazier and butcher : the quality of the meat, the 
hardiness of the breed, and the poor or comparativriy 
poor pastures from which it contrives to produce this 
meat, as on the hilly or upland districts of the southern 
parts of the kingdom, or in any district where the pas- 
tures are poor ; and finally, the readiness with which it 
lends itself to the system of cross-breeding — all combine 
to make the breed one well wo^hy of the consideration 
of the grazier. And as a fine, indeed an attractive 
if not a distinguished-looking animal, it possesM 
riaims of no mean order. And taking the breeder’s 
estimate alone of it, it is worthy of notice tdiat it has 
many of the points oharscteristio of the pure-bred 
shorthorn, as will be seen in the descripti^ of the 
points of the breed given bdow. The West TTi ghlmd 
breed is the original breed of the west and of a large 
pert of the north of Scotland. At one time, before 
the great fortunes made chiefly by English nMdiants 
and manufacturers tempted by high rents t^ " Hl|^' 
land Uirds ” to change their ^stem of paatotel lands 
into "deer forests " — which was one cause j ai^l 
before the change of the ^stem of fanning per ss 
substituted, and so extenii^riy, sheep for csMe 
breeding and TeBring--*which was the eecond 
the black cattle were geen in numeroiis herds isSitK ; 
tmed nearly aD over the hill-pastnies of the. nm^ 
of Scotland. ' v 
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CHAPTER III, 

Ik oontinnation of the eubjeet of the objeotioni to 
&e ueeof white lead as a pigment, we have farther to 
obeerve that when taken either into the stomach or 
through the pores of the skin, it exerts powerful 
poisonous properties. Flumbero ooUo is a well-known 
trade affection due to white lead entering the system 
through the skin. It may here be mentioned that 
the usual remedy is very dilute vitriol — which it need 
hardly be said must not be taken except in extremely 
small and cautious doses. Recently a patent has been 
secured by Messrs. J. B, Freeman A Co., of Ghove 
Works, Battersea, London, fora non-poisonous white 
lead paint,'* to which we shall have occasion to refer 
hereafter. 

Zino Whits or Frsaeh Whits. 

This valuable pigment is oxide of zinc. It is 
equal in whiteness with white lead, but is wanting in 
density or body. It baa an advantage over the latter 
pigment in being unacted upon by sulphur fumes and 
00 ^ gas. It is also more peimanent than white lead ; 
it is not acted on by oil as the latter substance is, and 
oonsequently it keeps its brilliance and solidity for years, 
whilst white lead, under similar circumstances, loses 
in depth of colour in as many months, and becomes 
semi-transparent, permitting the colour of the surface 
beneath it to be plainly seen. This latter property of 
white lead is due to the decomposition of the oil used 
with .the paint: a fatty aciJ is formed, which slowly 
acts upon the carbonate of lead, forming a lead soap 
or lead plaster, and giving off carbonic acid. Such a 
reaction does not take place in the case of zinc white, 
no zino soap being formed. 

Ksaaiketart of Cbs Oxiii Whits, 

The manufacture of oxide of zinc or zino white is 
carried on in a long furnace containing a double row 
or series of bottle^haped day crucibles or retorts, 
which lie in a reverberatory furnace— the mouths of 
which open through the wall or side of the furnace, 
• into a long passage connected with wide pipes for 
leading the vapour away. The retorts, whi^ are of 
flre^y, generally measure 28 or 30 inches in length, 
id inches in breadth, and 6 inches in diameter or 
depth, the diameter ut the mouth being about 2^ or 3 
indies. The vapour passage is supplied with hot air 
obtained the wasteheat of tbefurnace. To charge 
die ihtorts the mode of procure is as foUowi, The 
funoaoe is raised to a Ugh tmuperature, so as to bring 
tbe retorts to a bright red heat. Bars of metallic 
dhc are then projected ij^to eaqh retort, though the 
open mouths or ends of the retort^ through sliding 
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doors in the vapour passage. These doors are thdn 
dosed, the furnace raised to a strong heat; the 
metal fusee, boils, rises in vapour and rushes out of the 
mouths of the retorts into the vapour passage, where, 
coming in contact with tbe current of hot air, it takes 
fire and bums into the white oxide, which is carried 
by the current along Wide oonductbg pipes into 
ooilecting chambers, where it aocumulatei on the ddea 
an^ is removed through sliding doors. Each retort of 
tbe size above named oommunioatcs with four odleot- 
ing chambers— which are of tbe form of large bottles 
inverted, the vapour pipe passing into tbe first chamber' 
at the top, wbicb opens into the second obamber at 
the bottom, which again opens into tbe third at tbe 
top, which opens into the next at the bottom. It is 
evident from this that any heavy particles carried over 
from the furnace or more readily condensible matters, 
will collect in the first chamber. That portion of the 
zinc oxide which collects in the first chamber is of a 
greyish colour, due to the impurities present in the 
metal, and to partides of unbunit zinc, This first 
portion, therefore, is collected, and forms a zinc white 
of inferior quality ; the oxide which, having escaped 
collection in the first obamber, passes over inte 
' the second, third, and fourth, forms white of better 
quality. 

Tsstiag Ziao WUt# Oxids. 

Baryta white and gypsum are detected in the 
manner described under white lead. Chalk, or carbo* 
nate of lime, is detected by dissolving the sample of 
zinc white in dilute hydrochloric acid, adding am 
monia in excess, and then ammonium oxalate ; when, if 
lime be present, an immediate white crystalline pre- 
dpitate will form, which completely dissolves in dilute 
hydrochloric add and ro-forms on adding ammonia# 
Chalk may also be detected by treating the sample 
with dilute sulphuric add ; the zino oxide alone 
solves, whilst any chalk present is converted into the 
insoluble sulphate of lime with efiervesoence. 

•dpbidt Zies Wliite. 

Under the name of Orifilths' zinc white is sold a 
white pigment which appears to possess more body 
and solidity than the ordimtry zinc white, and is equal 
to it in whiteness. The mode of preparation of this 
pigment is as follows. A mixture of sulphete or 
chloride of zinc and sulphate of magnesium (or 
Epsom salts) is prepared, and to it a slightly a l kal in e 
solution of sodium or ammotdtim sulphide is added# 
A copious white predpitate forms, wl^h is ooUeGted, 
heated in a reverberatory furnace, and suddenly cooled# 
Tbe product is a pigment of pure whiteness, which is 
then ground in a mill and is ready for the market. 

lla&ttflMtam of lafTta White. 

Baryta white, or sulphate of barium, is a pigment 
which is chiefly used in mixing, or obtaining shades, 



360 TSe COLOPS 

^'redoctions** or pale ooloura. Ae a white it la not 
e*ten»ively employed, owing to Ita lack ci that 
** body ao eMential to foHn a good white paint, and 
which i» possessed in so high a degree by white lead. 
It is, however, somewhat largely used in diiUmper 
paint, its defect in respect of tody being in this class 
of work not so conspicuous. It occurs in a native 
state as heavy spar, and may be made artificially; it 
occurs as a by-product in the manufacture of mor- 
dants, for dyeing from acetate of baryta and sulphate 
of alumina, etc. 

The native product is piepared for use by grinding 
with water to a very fine paste ; the quality obtained 
is inferior to that obtained artificially, being slightly 
coloured by impurities, and being moreover in a less 
fine state of division. It is a cheap material, cheaper 
than the artificial product, and cannot as a rule be 
employed for fine paints. 

Oypium. 

This well known compound, known also under the 
name of plaster of Paris — the great capital being 
the first city to draw much attention to ita use 
as a mnierial in construction— is a hydrated sul- 
phate of calcium or lime, the formula being 0aS04 
-H 2Hj 20. It is found very plentifully, chiefiy in strata 
of the tertiary formation. The use of gypsum as a 
mortar, et^., depends upon a remarkable property 
which it possesses. When it is dried at a temjKuature 
of 132^ 0. it loses nearly all its water, and is then 
termed burnt gypsum, or spar lime, which is the 
material used in making stucco work, and contains 
about per cent, of water. When this is mixed 
into a paste with wat^r and allowed to stand, it sets 
bard, owing to the union of the water with the burnt 
gypsum, forming CaS04 + 2 HjO. When ordinaiy 
unburnt gypsum is tinted with a dilute solution of 
sulphate or carbonate of potash it quickly hardens on 
standing, the compound Ca804 -H HjO toing formed. 
Sulphate of lime is largely used for ** enamelling ” 
paper, for which purpose the product obtained by 
precipitaiion is found to be the liest. 

Whltittf or Okalk, 

This article, so largely employed as a friction 
cleansing agent, and as oommon marking chalk, is not 
used in oil painting, but finds rather extensive em- 
ployment in distemper work. Ohalk, or carbonate of 
lime, is repiwsented by the formula CaOO|; hence 
in oontaot with acid, such e\^n as vinegar, it gives 
oflf carbonic add gas and loses ita wbiteneas. It is 
prepared for use in distemper either by finely powder- 
ing the native chalk or by precipitating a aduble salt 
of lime, such as the chlc^de, with carbonate of aoda, 
filtering, washing, and drying the pure white predpi- 
tato. By the latter method it is poMible to obtain a 
whiter product than the generality of natural ohalka^ 


Chalk is largely used in chemical msnufactnring, ae 
a source both of lime and of carbonic acid. When 
strongly burnt, ohalk is converted into oommon lime ; 
but for the manufacture of this material limestone 
is used, a substance of the same composition as chalk. 

Ckina Clay 

This important compound is used in immense 
quantities in the porcelain and pottery industries, 
and in ** finishing ” cotton goods. It is a silicate of 
alumina. It is a pure wlfite, completely insoluble, 
very heavy com{>ound, found in extensive beds in 
Cornwall and many other pai*ts of England. 

Sulphate of Lead. 

Sulphate of lead occui^, as stated before, as a by- 
product. It is also obtained by precipitating a soluble 
salt of lead with dilute vitriol. It is used to some 
extent in painting, especially for mixing with other 
whites to cheapen them. It is a very heavy pigment, 
but does not form so good a white pigment for painting 
as white lead. Its formula is PbSO^. 

List of the Chief Whites nied la Water-Colour Paiatiag, 

We now append the chief whites in use in water- 
colour painting, and known by fan<^ or arbitrary 
names. 

SpanUh WkiU confiists of the finest white chalk, 
free from impurities of sand, iron, etc., and finely 
ground, washed, collected, balled or coked, and care- 
fully dried ready for the market. 

WilkiiM<m*$ WldU, — This is an impure oxy-chloride 
of lead, obtained by grinding litharge with sea-water 
until perfectly white. The product, after thorough 
elutriation and washing by decantation, is collected on 
a filter, dried, finely gro'ind, and again dried. 

Ltcd SvlpJw,t$ WiiU* — This is simply sulphate of 
lead, obtained by precipitation of sugar of lead by 
sulphate of soda or dilute vitriol. 

Chinm IfVitfs.-^The pigment sold under this name 
generally consists of a paste obtained by rubbing, by 
small portions at a time, fine sine white with gum 
tragaoanth mucilage until of even consistence and of 
the desired strength. The latter paste is obtained by 
steeping 1 lb. of beet transparent gum tragacanth 
or gum dragon, broken in very small pieces, in 
1 gallon of cold water for twelve hours, then boiling 
with constant stirring for about | to 1 hour, or 
until of even oonsistence. The paste obtained is 
strained or forced through calico^ to remove lumpSf 
and is ready for miziDg the pigment* This pigmaDt 
is very largely used in water-poloar painting, being 
easily workable along with nearly all other pigmenta. 

Parmonsfil WMu . — This is tto sulptote of barimn 
obtained by pveoi|ntatioii from chloride of baryta with , 
dilute sulidiario acid or sulphate cl soda, the latter 
bring ptef erabki 

Afiim 1lli«la--This pifpnent^ whkh is used for 
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purpose^ is composed chiefly of the hard insdoUe 
oxide of almnimum or ahmina. It U prepared by 
mixiog 1 lb. of powdered alum with 6 os, of honey 
into a smooth paste, then drying and ealeining until 
aU the black charcoal is burnt and the mixture is 
perfectly white ; after which it is washed and dried, 

Pigmaat Eadi ia Oammon Vm, 

The pigment red colours in common use may be 
enumerated as follows: (1) red lead or minium, by 
far the most extensively used pigment ; (2) red chro- 
mate of lead, which we will treat under the head of 
chrome yellow, as it is more of an orange than a xcd. 
(3) Red ochre ; and (4) English rouge, which wo will 
treat under the head of iron yellow ochre ; (5) ver- 
mil^pn, the prince of pigments, largely used in fabric 
printing, but too expensive for common use; (6) 
mock vermilion, or antimony vermilion ; (7) mineitvl 
kermes, also an antimony pigment ; (8) madder lake, 
much used in fine painting for obtaining delicate 
rose tints; (9) Braaibwood lake, used for the same 
purposes as the last mentioned, but not so permanent- 
(10) carmine, or cochineal lake, a magniflcent lake 
obtained from the cochineal insect dye, and exten- 
sively used in flne painting (other red lake we shall 
have occasion to refer to); (11) Rose pigment, of 
pink colour, used in distemper and in paper staining ; 
(12) Realgar, or bisulphide of arsenic, and a few 
other red pigments of less importance than the 
above named, and to which we will briefly refer. 

E«d Isad. 

Red lead, or minium, is manufactured in large 
quantities, being mostly consumed for the {tainting 
of iron and wood work. For fine painting it is not 
well adapted, for the same reason that debars white 
lead from a similar employment — namely, its property 
of blackening in contact with foul and sulphurous 
fumes. Red lead is an oxide, or strictly speaking 
a mixture of the two oxides of lead, litharge or 
protoxide and brown dioxide. It may be represented 
by the formula Pb) 04 , although strictly speaking it 
should be represented as variable mixtures of FbO 
and PbO}. 

The manufacture of red lead is conducted after 
the following principle. Ketallic lead — which should 
be as free as possible from antimony, silver, and even 
iron — 1 $ melted upon the surface of a broad, rather 
low reverberatory furnace, and kept in a state of 
farion during forty to ^y boars; the liquid is 
raked at intervals, and a g^ draught of air plays 
upon the surface of the molten metal* Ihis treat- 
ment oomplet^y converts the metal into the red 
qixide^ '^en the correct tint or shade of red is 
obtained, the top and frimt portions of the contents 
of the fomsce ere eerefoUy raked oat and fresh 
ehifge put in. 


Tcraillo 

This magnificent pigment is of a brilliant scarlet 
colour. It is a sulphide of mercury, and hence is 
costly, and finds iU chief use in the calico printing 
industry. No pigment probably requires so great 
care in its manufacture as this one, upon which 
almost wholly depends its quality* It is of the 
identical chemical composition as the black sulphide 
of meremy, both substances being represented by the 
formula HgS. On adding sulphuretted hydrogen 
gi-adiially to a mercuric salt, a white precipitate 
is first formeil, then an orange, and finally a black 
pnKsipitate, which by careful sublimation is converted 
into brilliant scarlet. Vermilion is manufactured in 
two different ways— the wet and the dry methods. 

The Wet ” Method of askiag TonaUioa, 

24 lb. of pure sublimed sulphur are placed in a 
mill, and mixed into a smooth paste with 6 lb. of 
caustic potash dissolved in a little wat.er; 106^ lb. of 
meifury are then added, and the mixture is ground 
together until homogeneouH (»r of even consisteuce; 
50;^ lb. of caustic {H>taH}) dissolved in 0 gallons of 
w'ater aro then addetl, by small portions at a time, and 
with agitation of the mixture. The mixtui'e is next 
slowly ground up agiiin for a short time, and is then 
transferred to a crucible and cautiously heated on a 
sand bath with constant stirring the whole time, the 
water lost by eva[K>ration being from time to time 
replaced. No rules can be given us to the amount of 
heat required, nor as to what exact temperature the 
mixture ought to attain, these Mng {K>iuts which arc 
decided by the appearance of the mmw m the heat 
rises, which causes the mixture gradually to thicken 
and become scarlet red. It is necessiiry to increase 
the temperature very ctiutiouHly, and to take the 
crucible from the sand bath at a cerbiin stage, which 
experience alone can teach, when the pigment reoeboH 
it« greatest brilliance of colour. This being done, 
warm water is added, the mixture being continuously 
stirred, until the temperature of the mass mnki to 
about 120 F., when a solution of caustic soda at the 
same temperature is added, and the whole allowed to 
eettle. l^e supernatant liquor is then poured ofF, 
and the vermilion is * horoughly washed with cold 
dilute solution of caustic soda, and firtally with pure 
water, after which it is very carefully dried and very 
finely ground in a mill, The details of the manufac- 
ture of vermilion are not known except by the few 
makers themselves ; many points, apparently trivial, 
such as the rate of heating as well as the degree ef 
heat, having oonsiderabie effect on the finished pro- 
duct. It is of vital importance to employ only 
materials of the purest kind ; the sulphur should be 
perfectly pure, and the caustic alkali free from iron 
and from any quantity of alumina. 
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* mtnyr^ ilf TfM tlieoMeoftheolaardngof w^{<m . 

Laws Awnva Mat0»u pHmroiciarA^lUiTiB sample oi « work " don«, we have the fcwoe . 

Am iCoTiox. AP matter how, in the body, gi^en out as enei^ ^ 

the ann, and this acting as a lever^ and the hand 

CHAFTEIt YL as the “gripping/’ “nipping/’ or * Voiding” oa|»a- 

^'lasifr Issrtad*’ sad “Work JkM,” maj H analimA ^ty or power of the axe handle, transmits the 

SI SjBoajaMai or Ooa?ortlbli< Torau. human “ energy ” to the axe edge which cleaves 

Wa now see how “ energy ” may be said to be the wood'— as in the work of the cotton factory the 

“ work ” ; and lor all pmeUeal purpoau this is energy of the steam«engine is transmitted to the point 

emphatically true* We thus arrive at a more ex- at which, say, the work of “carding ” is actually done 

tended definition of the terni, which we may put in through the agency of the combination of mechanical 

this form ; Energy is that manifestation or develop- parts to which the name of the “ carding engine or 
ment of force by which work is done. The work machine” is given. In this train we have at one end 
which is done is practically the measure-of the force the source of the energy, at the othei* the work wlHoh 
which has been manifest^ or developed. Energy, is to be done, and between them the intermediary 
the^or^ is simply the putting forth of the force by which, the primal energy is laid out in the actual 
which one naturally possesses to t^e performance of doing of the work. And in proportion to the require- < 
a certain “ duty ” or “ work,” , and has practically no ments of this work and its nature, the intermediary 
' existence tUl this manifestation or development takes or machine varies in principle, foim, and complication 
place. We may actually poasess the force necessary of construction. When we talk of a nij»> who is 
^ to drive a wedge into the cleft of a rook, but we give doing his work well, we have seen that we generally 
no piwf that we possess it till we put it forth or apply the term “ energetic ” to him. When we see 
develop it, so that we positively drive the wedge into a machine performing its work with ease we do not 
the cleft, When the work is thus done we can then, apply this term, but we say that it is “ powerful,” ot 
but only then, say that “ energy ” has been shown or “efibotive,” or tlmt it is efficient, 
developed, 

Osuaril Saursti of Xusrgy. Pow«r la Boiag Work as tko Seiult of Kao rgy, 

We have employed the human body as an dlustra- Energy haa been and is often defined as inter- 
tion of the force which exists, and which can be nal or inherent power,” or “power apparently and 
develoj)^ into the doing of “work,” or giving out forcibly exerted.” Bearing in mind what has been 
what, in another mechanical phrase, is termed in preceding paragraphs stated on the subject of force, 
“duty.” But it is obvious that all we have said applies it will be seen that the term “power” is taken at 
equally to any other body in which force axists— as anonymous with “force.” This is exemplified in 

a steam engine. And although that may be such as many directions ; but specially and in close oonneotian 

, that of a certain number of horaea, this can only with our subject we may rite two expressions much in , 
be prootic^ally proved or demonstrated. by the “work ” use amongst meohanioB. Thus, when we say that a 

being actually done, or, as we often express it, the ateam engine « exerts a force of two hundred horses,’* 

energy shown. The sources of force, oonsidering it w that it is “of the power of two hundred horses,’* 
mechanically as a diatinot entity, <»• as a something we mean precisely the same thing. And we have 
which be practically taken hold of or availed of, seen that “ foroe " per m, that is, considered by iteelf 
are vanoita, such ae that obtained from steam (this alone, may exist in a b^y,. but may piaotioally, so 
primarily being derived from the combustion of coal), far as work is done by it, be said not te exist at all 
from water, wind, and that aouwe of which we now till it is manifested or developed, which development 
hear so much — eleotricity. All these are called . is known as “en<»gy”j so th a t tibe deAnitlonof eneigy 
“ sources of energy or, to oeiry out the trsin of given above — namely, that it is “inherent or internal 
thought we have already expounded, we may cell power”— is prootlcally oorrect. Tha of a . " 

them sources of a “power for the doing of wwk,” machine as given gt the oloee of the last paragiepb 
These 'are made available, oij means are given to man may therefore be so far altered that it will aoooid 
by which he oan draw prscticidly upon them, so that with ideas which are almost invariably previleat ^ 
they will do his “ work ” — i.s. expend their “ energy ” amongst working mechanics. ^ thjs way it wiS ’V 
—by oontrivanosi whirii are generally and ^popularly stand thus: a mariiine is an amngement of mg* ’ ! 

deseribad as meohanioaL We thus arrive, loUowing ehanical parin fbr the tmtSBAimioD^ thk distribn^^ 7 ' 
up the oonriderations we have adduoad, at a de&idtion and the direot applioai^on of “power for tbs doing 
ol the term “ mariiine*”— a oombbatlon rf parts of work” 
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ttt'finu' •‘ttmif" Ml »M>ficlk.*— 
y ViMHittl Msti momM Wilt 

Zkk aidbo^ wiih wnt &y$bm d. oeeiiig wb«t ooa- 
: li tli6 tra« m«iiuiig 'of a wovd muy be obtained 

' Am .tetaing it to its **ioot ** or its " deriTation/* we 
\ hero look a little doMly at this term ** power/ 
. idiidh in meohaaieal world is vwy mtmh better 
known^ or at least much more frequently used in 
, daily tidk, than ite equivalent^** energy/^ The word 
power is derived directly, tliat is, with the least 
degree of ohange in its written or spelt form, from 
. the French pouvoir^ meaning ** to be able.'* Ibis it 
derived horn the latin posse, which also means the 
same thing ; and this, again, has its root in the latin 
words poti9, which means able or capable, and ssss, 
to be. Power, therefore, means ability to do, to act ; 
and doing or acting in the mechanic^ sense of the 
term is ** work done or ** duty performed.” When, 
therefore, we say that a steam engine, for eaample, 
is of two hundr^ horse power, we mean practically 
and mechanically that it ia able to do a work equiva- 
lent to that, which the ^* strength” of two hundred 
horses would suffiiw to da A word is bare intro- 
duced , which we have placed in inverted commas, 
that is very frequently used in mechanics ; and we 
thus see how it comes, as it were, out of the term 
'** power.” We talk of a framework, for eiample, as 
being of a certain strength — by this meaning that it 
. has the ** power ” to resist that something which would 
tend to ln«ak it down, disrupt its parts, or, in other 
words, render it useless for the purpose d supporting 
the weight or resisting the pressure for which it was 
designed. In like manner, when we say that the 
^*strength of a machine Uea in its we^est part,” 
wa^ know that it is meant hj thia that the w^est 
point will define tho capability of the machine to 
resiat infinencaa which would render it uaeleas for 
doing the work for which it waa ocmatruoted. The 
word ** strong ” itself — ** strength ” being, aa we have 
Just aeen, the quality of being atrong^is Anglo- 
flagon in ita origin, ita root being the German 
or Icelandic ilratigr, and meana' having the 
pbyi^ capability or power to act or to reeiat Finally, 
,1(1 oenneetion with the meaning of the tarm ^* power,” 
we must remind the reader of that which carriee 
/ eidlb it a great amount of auggeative matter if he 
will but think it o ver— t hat the term or word ** pos- 
ao qftm in the minda of many, haa the aame 
Wat ea power, ]kaiiMly,pctt;i ; the lAtin word 
; ^9|ir word beiW alightly ehanged from thia, meana 
M ^ oipihie of bai^F dottau” 

'' f \XiwWial wVsaatisal'Sai^ Vwaaar **Vswir.** 

^ We Mtbartb eonaideied the a our oe d force 
^•^Sa bfing derived from humpn body, or what ia 
i ddliA iilM m Ibis 

1m fli neeami^^^^^ It with 


which man would baoome aoquainted. But it would, 
not be long before be would out tlutt there wave 
other aouroaa of this mysterious ** something ” which 
displayed itself eo often in hie daily life, outside of 
or exterior to himself. Possibly the fimt of those 
external eouroes of force ha would discover by analogy 
or a rough mode of reasoning, but much move 
probably by some painful accident, w6uld be the force 
the muscular power of animaJa, such as a ]d<fic from a 
horse, would exert. But, going still further afield, he 
would soon leaam that there were other aouroea of 
this *^ something,” by whatever name he would then 
call it. F6r example, he would soon learn that the 
something we call ** wind,” which would at one time 
aoarcely blow the tangled hair from off hia brow, 
could at another blow himself over, or at anotber 
blow away the rough hut he had raised to shelter 
himself from the tender mercies of the weather, and 
even to uproot ahd blow over great trees. Bo in like 
manner be would find cmt that water possessed the 
power or capability of giving out this ** something,” 
or force— es for example if he passed under a wate^ 
fall heedlessly, or saw the rivulet beside his hut at 
one time flowing with such feeble force that it scarcely 
bent the lily stalks or swayed their leaves to and fro^ 
and at another with so much vehemence that it swept 
everything before it, even his hut itself* 

OealsriM af Psticat Obssmtisa, Xavestifatisa, aa4 Wesk, 
reqvM Mort Via eeiM, as aew, avail hisuelf of 
ths ffataral iearees of **la«fy** sr ** Pewtr.**-^WMcv 
Powm*— The Watar-wlictl. 

So aooustomed are we to see all these agendea sat 
to do man's work, that we scarcely give a thought 
to all the weary work man had to do, all the patient 
often and often disappointed thought he had to expend, 
before be could devise and ooiiatruct the veiy simpleat 
mechanical contrivances, by which he ooUld set those 
agendea at work to do his lightest labour. Generation 
after generation must .have paaaed away before he 
arrived at this point of meebfuiioal progress ; and It 
may be almost certainly concluded, reasoning from 
what we know of our own capabilities of doing what 
is odled meohanicsl work, and Judging also from what 
we know of the habits ao^ capabilities of peoples who 
are at present undvilised and but little removed from 
the state of utter barbarism, that the purely bandknaft 
mechanical operations would be proctiaed for long 
parioda in manV early history, before his experianoa 
and his growing habit of obamwation had made him 
eapable of arranging materiala so that with their aid 
he could do nuinbAikhw . work* The tods of his faaadi- 
emit work must of necessity have praoeded then, as 
indeed they still prece d e now, the machines, simple aa 
tbay would then bi^ constructed and put together by 
their help. And of tihe . nattttal aouroea of power w« 
have named— those d wa^ aid of wind— Umi pf water 
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wouldf in all probabilitj, be the 3rvt to be eTeiled of 
in doing mechenioal work s end we may oonjeotorei 
with eome degree of plausible foroe, that the oono^ 
tion of the simplest form of water-wheel would be 
, obtained by man bathing or washing in the brook 
which flowed by his hut or oave, doing dreamily what 
we often do still, moving his hand to and fro in 
the water, when he would feel that it ezercsised a 
something which either opposed the progress of his 
hand when moved against the stream, or which tended 
to drive back his hand when it was left free to move. 
But between the conception that there was a ** force '* 
here which might be useful to him, and its realisation 
in the form even of the simplest Urater-wheel, we can 
reasonably conclude that many generations, almost 
centuries, would pass away. To make even the sim- 
plest form available, the idea of a wheel itself would 
have to be got hold of, and also the fixing of this upon 
a something which we call a shaft, axle or spindle 
»whioh itself would have to revolve or turn round. 
And the youthful reader may be surprised to learn 
that those two mechanical conceptions lie at the 
foundation of nearly all the varieties of mechanical 
combinations which, taking the form of machines 
doing man's work, have led up to the infinite variety 
of them we have now. And yet it must have been 
after long long years of patient thought and labour 
that those two conceptions — a wheel, or a circular disc, 
suspended or fixed to a oential shafts were made 
applicable to mechanical work. If the reader will but 
think it out, he will fihd that there was no greater 
discovery, leading to such wonderful results, as that 
of a carriage or war-ohariot wheel and its axle, which 
was, in all probability, the first practical form which 
this great discovery took. 

Ccasidsratioas eoantetid #lth the Ditoovsiy of tho Soareos of 
Powor or Xnorgy Wind Powor.— Tbo Wind- 

mill— Tho StoM of Boiling Watot.— Boiling, s Soionoo, 
The main feature of the windmill is just that of 
the simplest water-mill — a circular wheel, and an axle 
or shaft ; the sails, or vanes as th^ are called in 
windmill technics, catching, so to aay, the air, as the 
floats of the water-wheel caught the water. Alter 
long years of patient and often disappointing and 
disheartening labour, man was able to avail himself of 
the three sources of force, power, or energy — namely, 
animals, water, and wintL But it took centuries upon 
eenturies of experience in the observaticm of natuxsd 
Uws, before he conceived of nm-kitig use of 
agency which is now almost the only source ol obtain- 
ing what we call motive power whidik is made available 
in modem praotioe-— namely, steam. And ages muet 
have isktervenod between the observing t^ the steam 
of boiling water had, or p oo aai d , what we may call a 
lifting power, capable of producing eflTeeta eimiler to 
what we mey caU the ihiw^ or p o wer 


of water on a body opposed to it, Tery soon alter, 
man bad reached tlie high stage of mvlliaation wheO 
he became a ‘^cooking animal,” as man hj same hsB 
been defined to be, and had made the great discovery 
of boiling liquids, he muet have observed one, at iOert, 
of the ohaiaoteristics of the vapour, or what we call 
steam. But how long it was before this was applied 
to the obtaining of a power whioh would do wor^ let 
our histoxy show. How long it was after it had 
passed from the condition of a mere playtMug for 
phUosophers to amuse themselves and their friends 
with, to that in whioh it served, as at first and for 
long it only seirved, as an engine to draw water from 
mines and coal pits, till the genius of Watt made this 
engine truly a steam engine, and yoked it to every 
class of work, all those acquainted with meohanioal 
history well know. The young reader, and perhaps 
some ^der ones, not initiated into the sdenoe of what 
are called common things,” may perhaps smile at 
our stating boiling to be a great discovery. But we 
, shall have occasion, in a future chapter, or in ** The 
Steam Bngine User,” to point to some considerations 
which will prove this pretty plainly. He will 
further see that boiling, as applied to the arts of 
industry, is really a science, involving many curious 
and most practical considerations ; and he may peibaps 
be here surprised to leam that there is no theory of 
boiling whioh has yet been universally accepted as 
accounting for all the singular phenomena which the 
act of boiling exhibits. Its close ooxmeotion with 
the steam engine is obvious, and will be further 
referred to in its appropriate place in a future 
chapter. The reason why gas, or vapour of water, 
whioh we call steam, derived from the l^iling of water, 
as a source of power, is so universal, is that it is^ 
BO far as has yet been discovered, the most readily 
and most conveniently oarxied-out method of availing 
ourselves of heat. T^ word brings us to the ooxud- , 
deration of one of the most important points oonneeted 
with the laws of nature. How important it is will ba 
perceived when we make this statement. 

Heat the Scfuros of all Fbysieal Baorgy, Boree, or what 
wo osU Mochaaioel P o we r . 

Some of our readers may naturally be somewhat 
surprised at this statement, whioh is but another mode ^ 
of expressing the fact that there is, so far as man aind 
the work he has to do are concerned, no other aouroe 
of what we call force, or the power to do worl^ phytf • 
cal work, than heat. And this after what has beiSk 
mid above in preceding, paragraphs on the subject of: 
the musoukr force of man Idmsalf, the mnjuwd* ^ 
rears and uses, and wind and water aa aoumani lociB% 
power, or energy* Btom wliieh it would iqipear that 
those natural souxuea are themaelvw dmd^ ! 
the exerois^ or axw Imt manif eatatkm% of hmL Bat 
atraiige as ^ may appear ^ 
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^ iMnltite trath. We heve not qpeo^ to go into the 
faU deteils as to how mnaoiilar foioe^ wind and wato* 
fom^ ase oaoeed or mated by heat; those detidls 
coning^ in some of their aspecta^ uxidor other branches 
of acienoei as ohemistiy and physiology. In connection 
with these soienoee some saggesti?e remarks will be 
found in the papers entitled <*Ihe Ikrmer and ‘^The 
Ofsider/' bearing on the great question of heat as a 
vital power, the source of animal energy or force. 

Brief Oenml Stateiaeat of the Yeiati ooaaieted with Beat, 
as the One loane of Baergy, f oroo, or Beohanioal Powtr, 
But what we give may be stated in a very general 
way. The only known source of heat is the sun ; from 
the agency of that wonderful body, which gives us 
light as well as heat, and of both of which as to 
what they really are, we know nothing— only their 
phenomena and manifestations or power are known, 
which is all that is required for the practical purposes 
of man — the cycle or circle of muscular force of 
man’s or of animals’ creation may thus be stated. 
This force can only be maintained by keeping up 
the supply of food ; this food partaken of is through 
the medium of the organa of the body, and by the 
agency of the atmosphere, chiedy through that 
constituent of it known as oxygen, consumed pre* 
oisely in the same way as fuel, coal or wood, is 
consumed in the furnace of a steam-engine boiler, and 
the product is heat. In our own case this warmth, 
or ** vital heat ” as it is termed, is the source of the 
“strength” of the body, by which its “energy” is 
maintained, and its “force” (see preceding para- 
graphs) exerted and utilised. So long as this vital 
heat is kept up, so long is that mysterious thing 
called animal “ life ” maintained ; with the absence of 
aU vital heat, death takes the plm of life. And it is 
only during life that muscular force can be exerted ; 
but how this is so simply by the will or the volition of 
or the animals, we know not, either of what 
that force really is. The food is thus directly the 
maintaining source of heat and of muscular force, 
and that food is itself derived from or produced by 
the action of the sun exerted through the medium 
of plant and soil. Some youthful reader may here 
remind us that man is not a vegetarian in the sense 
of living upon the product of plants alone— using the 
term plants in its widest sense as embracing all Vege- 
g^wtb in soil— but that he uses animal 
food li w«^ Bui the reply to this b ebnple : the 
mint Idlliiy and the flesh of which he^eats, ia 
itmlf the prodoet of the vegetablea, the gram or bay, 
or the turnips, which the animal eati,o^ by whi^ 
ibKvea. Now, all vegetatkn is m ai nta in ed in mdrtr 
vigiteUf or plant life benai^ aay, 
ihd mainbuned, by hwt; and the aouroe of that 


heat, in all cases, b the sun. No less b the exbtenos 
of that eondirion of the atmoqdkera which we call 
wind dependent upon the heat it the sun, and from 
which we obtain power through the agency of the 
windmill— nor len the ezbtenoe of water as a source 
of power through the agency of the water-wheel or 
water-pressure engine and the turbine. 

How the heat of the sun creates, so to aay, these 
two sources of physical power or force, the reader 
must learn from other branches of science, wi^ which 
we are not at present concerned ; so also for pointe 
connected with conversion of the heat of the sun into 
muscular force of men and beasts. 

Baergy, Ycrss , or fewer aad Seat, mj be eeasMered •• 
Ooavertiblf Tems.-The Modem Dlieovery of Heat Iqai- 
valeats la Belatiea to f owor.^Tbe aetoaoi of Tbemo- 
d7&imlet.-Tbf AppUeatlea ofitelawebairetolatloaiiod 
the fraetiee of Baehla# Workiag or Botivo fewer. 

The reader will now perceive the truth of the 
general statement we have made, that all physical 
force or power or energy— that is, the capability to 
do work (see “energy” in a preceding paragraph) b 
derived from heat; and the only source of heat we 
know of b the sun, Heat and force or physical power 
are in one seniie synonymous terms, and in practical 
mechanics mean really the same thing, and are true 
convertible terms— that is, we can say, with positive 
aooumey, that if we have a given amount of heat, it 
represents or will yield a certain and cowesponding 
amount of physical force or power; or if we have 
thb certain amount of power, it has been obtained 
by the expenditure ot a certain and corresponding 
amount of heat. If we strike a spring with a certain 
feme of blow, represented by so many poun(^ we 
have expended so much of our animal beat as if due 
to the production of that power; and so, if we have 
thb known amount of heat at our dbiwsal, we know 
that we have through its expenditure a phyaioal force 
or power which will give the blow on the spring 
indicating so many pounds, Thb law of the con- 
vertibility of heat and force, or the direct relation 
heat has to what we call power, is but a discovery rf 
comparatively recent date. But it may be said of It 
that it b that which b revolutionising the practice 
of modem machine working, using thb term in to 
widest senses as embradDg all means or methods by 
which we can do work either as supplementary to or 
doing wholly away with m a n u a l bbour, The law 
in the hands of the engineer and the machinbt 
a power which he formerly was not possessed of, of 
Icnowing and accurately estimating what he b dcing 
when he b expending and using foroe, whether he b 
waiting power or ntUbing b with the bigheet degree 
of acoorMj and economy* 




Wi bagaa in hat pnngmpb of the pnoediBg oliaptw The mus^ tfaom niton ii but ft ' ^ 

to give the atadeot bis fiito atadiee in ornament, be* need botb bp the BIgpptiani and the Qraeki; in 
i^nningvrithesampleBof«he«aiganddart*’oniamen^^ the Greek it k difl^iit in afaape. ‘in 
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the Bum m ci poxpoae liftdly drawn, of which 37 and 38 show how to diww the «<aMiithiia’* leaf 
the fittideiit shodld take note^ and ootreot in hie nouldixm^ and are need on the Mune ffha red mouldinj^ 


15ga.35and3# i*ow howto d»^ ae the laet eiiinide (dp. 35 and 33). ^ Ja a 

^fmmA 011 ^iMwMmga of a diffivciit fom to the laat moat inportant form in omainent, we give in riatai 
dMpe that is called the* ogee** in pnotiee. I!gf* L and IJ (block), an aaample of the leaf. 





3Q8 THE CARPENTER AND HIS TECHNICAL WORK: 

TEE OASraSTEB AVD HIS TBOEinOAL WOSZ. 


lit Oeioxi^ avd Easlt Wobk— The Pbutoiples ahd 
Details of its Peaotioe. 

OHAPTBE IV, 

Ws concluded the last chapter by referring to the use 
of a fiat stone as a surface for a piece of timber to bear 
or press upon^ and stated that independently of the 
yalue of its extent of surface, the relation wl^h that 
bore to the position of the bearing point of the timber 
prop was an important element in the arrangement. 
For if the prop was pressing on one comer of the 
stone, this capability was lessened, and the nearer 
the end of the prop approached the centre of the 
stone, the better able, so to say, the stone became to 
resist the pressure of the prop. 

In the form which we suppose to have been his first 
attempt to use — ^namely, an arrangement like the one 
in fig. 22 (p. 149), at a & c d — ^we are considering that 
the end d of the prop o d rested or pressed against 
a TMry hard and stony soil, difficult to penetrate ; its 
capability to resist penetration of the prop being 
greater than the pressure put upon it tending to force 
it or make it penetrate the soil. Putting the two 
experiences together, the early caipenter would see 
that if he wished the prop to perform its office he 
would require to give it a resisting surface to press 
against, and that, the softer the soil, the broader that 
surface must be, to enable it to resist the pressure 
put upon it — the mere extent of surface aiding its 
finding the most solid bed.^ 

The early worker would thus receive two lessons 
of importance in the art of constructing timber* 
work: one would bear on the truth that by in- 
creasing the surface of any resisting piece or point, 
pressure would be distributed over a larger area, so 
that a material which would not bear a certain 
weight without giving way if that weight was applied 
over a very small surface, would be found to bear 
even a much greater weight if the pressure which 
that weight exerted was spread over, so to put it, a 
larger area. The second lesson he would leom would 
be that much of the value of a good bearing surface 
depended upon the way in which the pressing piece, 
as the prop o d, was connected at its foot d with 
the resisting member, which we have supposed to 
be a stone; and that it would require to be so 
made that it would not readily dip away from this. 
He would soon see that in cases of soft soil a fiat 
piece of timber with large bearing surface would be 
as valuable as a resisting point as a stone would 
be; and that the timber would give readier facilitieB 
for forming the <^joinV’ eo to call it, at the part 
where the ** foot” of die prop c d was connected 
with the bearing surface. Another lo s e o n learned 
would show how premie put on at one point in the 


assemblage or framing of timber was cdmmunicatad or 
led to another member, and how this would, in some 
way or another, regulate the relation which the mem- 
bers bore to one another. A fourth lesson, and of the 
four the most valuable, if this could be said where 
all were valuable, would be the use of timber when 
under certain dicumstanoes placed on the ^^slant” or 
** oblique.” The value of this principle of ^^diagonal” or 
angul^ position would soon be perceived practunlly 
in relation to vertically and horizontally placed timber, 
in which position only the earliest timber workers 
used their material. 

further Devalopmontf in the Art of Boiigaing sad Ooii> 
itmotiaf Tramowork in Timbor.— The ‘*TniM” the 
Sasential' Slemont in all Bonnd Framing. 

We do not say that the early worker in timber 
would be aware of the fact that he had thus learned 
important lessons in his art. Quite possible is it that 
he might simply accept, as a matter of course, the 
facts he could not help seeing, so to say, and would, 
without further thought about them, and made thus 
aware of the value of the practice, continue to adopt it 
in his future work. He or some after-worker, pos- 
sessed of a thoughtful mind, might really appreciate 
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the lessons learned, and in thinking them out might 
deduce a theoiy of his own, expressing the reason why 
or the cause of the practical result of the arrange- 
ments adopted. Fmctice, we may rest assured, would 
long precede theory, and nearly all steps in advance. 
Thus, although the arrangement or assemblage of 
timber in fig. 22 (p. 149), at t j m n, would be found by 
the early worker to be, as in reality it is, the strongest 
possible combination within the reach of man ; it 1^ 
no means follows that he who first hit upon its con- 
ception— or rather we should say discover^ its utility 
— could or would be able to give a reason why it 
was so valuable. We have endeavoured to show, 
indeed, that the arrangement might be accidentally 
discovered or be led up to by a series of natural 
which we might say, wit^ some truth, the early 
worker could not, as it were, avoid making, this bein|^ 
done, as it tirere^ intuitively. 

The axrangexnent or assemblage at ty mm, %. 
is in point of fact what in the art of carpentiyis called 
a *^traiB,” and in it, even in this the rudest or most^ 
elementaiy stagey aQ ^ elements of aw^-designed 
modem roof (truss) axe xUoitrated. The great pma- 
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4!ipl6 wldch the truss” exemplifies is the designing 
of arrangements of, timber composed of horisontid and 
vertical timber only, and which, therefore, are rect- 
angles, either square or such as a & c (f, in fig. 23, 
ao that the arrangement of the pieces or members 
give triangles, by the simple addition of an inclined 
piece or '‘diagonal" member, as e. This forms two 
triangles, ^ace by doth i or four; as the triangles 
fy %, gy and 4, by the addition of two diagonals, / and 4, 
betw^n the two vertical posts, j f, k m, and the two 
horizontals j 4, I m. But although assemblages or 
errangements of timber in wliich diagonals were 
introduced, cutting up, so to say, the old or original 
rectangulai* forms into triangles,-— thus giving the 
strongest of all forms,-— would be long followed, it is 
by no means to be concluded that the " reason why ” 
this triangular arrangement was so strong would l>o 
understood. We conceive it to be a very probable thing 
that it "was only at an advanced stage of educational 
civilisation, so to term it, that some thinkers, taking 
the forms of timber arrangement which practical 
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workers had long adopted, deduced the theory of the 
truss. And w'e may rest pretty well assured that it 
was orJy by a series of tentative trials or of lucky hits 
that the full value in practice of the principles we 
have endeavoured to explain became known to timber 
workers. 

Yarthsr XUastratioiis of the Friaoiple of BUgoaal 

Boat of IComborf or Pioeos of a thahor Vnaing.— 
ttmttiBg or Biaoiaf of Tiaibors.— Tho Kiag<*Poft Tnua. 

We have thus illustrated one or two of the ear- 
liest appHcations ni the diagonal member in framing 
— we i^ow one or two mere in fig* 24. The piece 
-a 4, projecting from the fitce of a rock or bank of 
learth, or a wall 4 c, is made capable of resisting 
greater weight or pressure put upon it adding 
the prop as in like manner the piece /g k mHt 
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capable of resisting pressure by the addition of the 
prop g, and the piece 4t, which we may suppose 
to be a trunk of a tree thrown across os a bridge, 
an opening, or "void," between the two cliffs, as 
hjy 1 4, is f?t.rengthened by the two props I m. 

We have said that the assembli^ of timber in 
fig. 22, at ij m n, illustrates all the parts of a modem 
roof truss of the class known os a " king post " and 
"roof," and that this gives the strongest combination 
of timber. The “pressuiH’^" are ao "distributed," 
and ore " oommunicateti " or letl in such directions, 
that they are all concentrated, so to Miy, at the points 
of greatest resistance. Thus in the case of a simple 
or nido form of a roof truss, ah o (tig. 25), the pres- 
sures are thrown upon the walls,/, /, and (HmsiMpiently 
an assemblage of timber can hi* desigrud which can 
be thrown across a " void" or o^nuung, as // m in 
the case of an assemblage as at g 4 ijy which may 
represent a jMirtition sti*etching across the void 4 of 
an apaitment or space. Trusstw may l)e, and are, as 
we shall see in succeeding illustmtions, of vaiiouH 
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forms ; but in all of them, by the use of diagonally 
placed timbers, triangles are formed. 

Tsekaiflal Tmi applied to tht Isdividual XtBbort or ' 
FUeoi of Tiabor Frtaiaf i. 

We have called hitherto the piece or member, cd, 
in fig. 22, a prop. This is a popular term for it; 
but it liecame, and is Ntill distinguished in technical 
carpentry phrase, as a “ strut " or " brace." The tech- 
nical name for the member a 4 is still, what we have 
as yet call«] it, a " post." Used in a certain way, a 
post so placed becomes a column, pillar, or standard. 
The member, as 4 1 , in fig. 24, is called a beam, if of 
comparatively large section ; of the largest, it is termed 
a "girder.” 
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THS FACronr ob mill bamd as a tsowmioal wqbksb. 


SEE FAOTOBT OB KZXX HAES AS A 
TBCENIOAL WOBKEB. 

Tu OboANXEATIOK, GBKiaiL DUTlBfl, Am SPBOXiX 
Work of tok Staff of Faotobxiw fob thb Pboduo* 

TIOH OF SPUK AKD WoVE» GOODF-THAT ZB, ** YABK ** 

AND Cloth ahd thobb chiefly ih CotTOK Am 
WooL-^BirisBAL Dbbobiptiob of the VAUOtre Pbo- 
OBBSBfi of MANTJFAOtUBB. 

OHAPTBB IV, 

^6 TertiBBl Ootton OpBiitr (eontinued). 

From the statement given at end of the preoeding 
chapter the reader will at once see how the tender dbre 
cS the cotton is subjected to breakages of the staple. 
This damage to the cotton fibres ought to be avoided 
in every preparation through which the cotton has 
to pass. This vertically-working machine has a beater, 
but no feed-rollers, nor any other similar arrangement 
whereby the cotton is so hdd to be beaten, and pro- 
bably broken. It receives its cotton, not by rollers, 
but the suction or the draught of the beater itself. 
This beater or shaker is of a conical form — that is, 
the arms of varying length foitei in their outline an 
inverted cone. The small end — that is, the shortest 
series of arms — is near the bottom end of the shaft, 
and nearer to the tube through which the ootton is 
fed by hand. The cotton thus drawn into the smaller 
end ^ the cone, the lumps or tufts of fibre are broken 
up more gently by its smaller diameter, l^e reader 
idiould bear in mind that the ootton is drawn into the 
cone by the draught which is caused by its revolution, 
it maldng something like a thousand revolutions per 
minute. And in addition to the draught formed by the 
eone, a fan is so arranged as to draw avAy and pass 
to the open air the dust which is creat^ by the 
opening of the ootton ; it also creates a draught, which 
helps to draw the ootton fnnn the tube from which 
it is fed. The ootton thus oomes in contact with 
the beater, as we hi^ve before noticed, free from any 
arrangement whereby the ootton is held until it 
is beaten, or, in other words, tom asunder.** The 
beater is surrounded by what is termed a grate or 
grating, through which the dust or seeds or shell, 
or any othw useless matter, is drawn away into a 
Foom called a *^*dust ohamber^** This conical beater 
performs its work automatioally ; {.0., all the heavy, 
ium^y ootton remains at the lower part of the cone 
until it is opened and freed from that part of super- 
fittbus matter which all ootton oontsins, and ae it 
(the ootton) is more opened it becomes lighter, and 
hereby risM up to the laiger part of the cone, and 
this b^bg larger in diametm*, the ootton, in its loose 
and light condition, has more room to be dashed about 
and to be further opened and cleaned. When the 
ootton is ao cleaned and lightened, it is then leady to 
paaa away. The outlet being at the top or broad 


part of the cone, the ootton passet out on to ati endleae 
apron, and is thus conveyed to where it ^is reqtdred 
for the next madnne (soutbher or lap nm^diine). 

•oflu Fraotlsal Ooasidmttotti eeiimaotad with the greesas 
of Cotton Opaaimg. 

The reader may have observed that this machine adta 
upon the ootton as though there was a power of thoui^t 
about it — i'.0., by keeping or retaining the matted or 
lumpy, heavy ootton at ^e lower part 6f the oOn^ 
until it is partly opened. The cotton while in this 
lumpy condition requires to be treated less furidusly, 
and so it is less harassed until it gets partly opened ^ 
the lighter it becomes the more readily does it rise. 
The machine, does not think, but the arrangement 
of it ''is such that the natural consequence of ths 
material being close and heavy, its inclination is, like 
all other heavy bodies, to fall, and the smaller part of 
the cone treats the cotton more gently, and thus 
prepares it for further treatment, which according tu 
its condition it requires, and which, of course, it 
receives. It must be evident to all readers, whether 
practical ootton spinners or mere theorists, that to 



destroy the fibre of the ootton, in whatever process ii 
may be passing through, is detrimental to it in the 
finished condition, and theiwby it is of the utmost 
importance to guard against this taking place. Thia 
breaking or shortening of the staple tends to making 
more waste, and thus not only interferes with quality 
of goods, but, in the second place, it increases the cost 
of the finished article. This waste is rarely ever de- 
tected until the yearly account is made up — nay, v^y 
seldcnn then is it disoovered except by oomparisois 
with some well-known and eoonomioaUy managed 
mill. Some declare that a certain percentage of 
"waste** is all that should be made in working 
American or Egyptian or Indian ootton. We maiii^ 
tain, and from experience, that it is a veiy difficult 
thing to fuOy ascertain when and where unneoespwy 
waste is made. liSt us suppose ttiat a machine itk 
Uie Uowing^room or openihg^room is in any (way 
damaging the fibres of eotton : this nlisfoitiizie {ww 
dete it to be sneh) Is not essily detected, 
btcauae, if the etaple Is broken fas the first or seem 
mabhine, t he broken ^Js not Mt as was|a iisv 
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ljutt room, bat ia continually losing tbe ^^shorts** 
tiuimgb every prooiBBS wbioh it bas to undergo, 
and henoe tbe diffioal^ in aaoertaini^ the precise 
ma c h i n e where it is created. This l^g the case, 
the manager requires to be on the alert, and not 
be simply satisfied with the machine because it is 
fipm a machinist of high standing. We think it a 
duly of the principal or manager of the works to 
carefully think over the way by which the cotton is 
manipulated, and to see, as far as circumstances will 
permit, that the cotton is not harshly treated, t.s. 
more severely than the staple is prepared to bear 
without breaking; and therefore, to avoid this, the 
general examination of the principle will, with a 
thoughtful man, lead him to a decision as to the 
best thing to be done, and what he should avoid. 

Before passing on to the next process in cotton 
preparation, we give here a diagram which will illus- 
trate the general principle both of the “ willow and 


of this machine, fig. fi, is to still further dean and 
open the eotton by means of iron frame^shaped beaters 
which are also enclosed in boxes. 

The Cettoa ** lontehsr,'’ Beater, ” aad ** tap** Xsehlae, 
Cotton well opened and well deaned — that is, freed 
from impurities, vis., seeds, shdls, dead mattei> dust, 
and some of the ** shorts’* of the fibres, which are 
little better than dust — is ready for the next process. 
Being well prepared by the opener, tbe following 
machine has not the same chance to damage the 
staple. Nevertheless in our experience we have found 
that cotton is often damaged in tbe machineiy of 
what is called in a mill the ** blowing room.” The 
blowing room in many of the mills contains l:>oih 
the ** opening machines we have described and tho 
scutcher,*' or ** lap ** machine, now to be described and 
illustrated. The principle upon which the << scutcher ** 
(fig. 2) operates, and its general constniction, will be 
shoum in this diagram, in which two beaters, a and 



6, enclosed m casings, ac^t upon the cotton, which 
is conveyed by the endless apron c, and by the feeding 
rollers at s. The first beater, a, throws the cotton 
on to the endless apron cf, upon* which it is slightly 
compressed by the wire or open drum y, and then 
taken by the second pair of feeding rollers,/, to the 
second beater, 6. The cotton then either falls on 
to a perforated wooden tray, or else on to another 
endless apron connected with a wire drum or cage, 
from either of which it is wrapped up in the 
form of a ‘*iap** or continuous roll of what la 
popularly known as wadding. Tbe ventilator t, 
with four vanes or arms, (which is situated above 
the drum y,) removes dost and sand; and a fan h 
ocmnected with the second beater, 6, by drawing in 
a current of air at the opening k keeps the 
cotton in the stage or apron in motion. The 
first beater, a, makes 1000 to li^ revolutions per 
minute consequently its two arms give 2000 to 
3200 Uow 


of the porcupine ” opener. This special form of 
cotton opener is much used in America, and called a 
** whipper." This is shown in action and construction 
by fig. 1. It consists of two iron axles, a, a\ which 
are enclosed in wooden boxes. These axles are placed 
in a horizontal position on a frame, and parallel to 
<me another, and have projecting from their circum* 
ferences six rows of iron spikes. From the inside of 
the boxes similar spikes spring, and are placed in such 
a position that between e^ two spikes of one axle a 
i^ike from the box or from another axle passes. 'The 
^tcm is put in at the opening is quickly turned 
lound and separated by the spike immediately under- 
neath, and is thrown out hy the spikeB of the second 
axle, at s. The axle a makes about 1300, and the 
akle w about 1500, revolutiona per minute, and 124 
to ifiOkOogr.of oottoB can pam thfoogh the machine in 
an how. To drive the madime, about |-horae power 
is required. From the whipper ** the cotton is takmi 
to the actttddngniaihiiie, heater, or Theobjeet 
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CHAPTER V 
Th« Mitre ” Joist {Continued), 

'Thb end of the piece a b, 6g. 37 in last paragraph 
in preceding chapter^ to be joined^ ia cut with a 
mitre— that is, the face, as 0 /, is at an angle of 45*^ 
with the line of the length of the piece. A modi- 
fication of this, but more complete, is shown in fig. 
38, in which a double shoulder is given— a shoulder 



being cut, as at c, in piece a a, shown separately, a 
corresponding part being out out in piece b as at 
d ; 6 ' d is end view of b b. Another modification is 
shown in fig. 39, which is a combination of the square 



and the mitre joint, the part from 6 to c only being 
mitred,” a square-faced shoulder or return joint 
being formed at e d e. The lower drawing in the 
diagram gives the appearance of the end of part b b 
when viewed singly, b' d d* e* the end of part a o* 
a! and <C" is edge view of end of part o o, or 6' c' cT t\ 

firthtr lUutratioa of Jefaiti on the Mitxe Mnoiplo— 
YiMM at Bight Angloa . 

In figs. 40, 41, and 42 we illustrate joints at omers 
of pieces joining at right angles on the *'initre” 


principle, and which are by the form of joint emplojed 
secured from being separated by iater^ strains, in; 
fig. 40 the faces of each mitre,” as of piece a* a* and 
piece 6 b, has a part or '^slot ” or chase ” cut out, as 
shown at c* d. When the pieces are placed together, a« 
at a o, 3 3, these form an opening, as c 1 into which a 



Fig. 40. 


** key ” piece, or “ dowel,” exactly equal in length to 
the thickness of a a, & 6, is driven in tight up, thus 
holding the two together. An inside view looking 



Fig. 41. 


edgeways of the piece 6 d is shown at d e f being 
the face of the mitre,” o' being the part cut out. 
In fig. 41 the vertical piece a is joined to the hori- 



Fig. 41 


zontal piece hj a joint, of which b / c projeeti^ 
end the part eat out at d d df^ as shown hi thi 
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diagram to the left ; the horizontal piece having oor- 
reeponding indentations^ as b" d\ and projection d* d!\ 
Fig* 42 is a more simple form of the same kind of 
joint,* corresponding letters accented showing oorre- 
eponding parts* 

Other Forms of Joints Ibr Piooos ent at Bight Anglos to 
oaeh othsr.-^ObUqno Joints. 

In figs* 43 and 44 we show forms of joints where 
the pieces are not at right angles to each other, 
but form an angular part or corner, as at a* The 
ends h h (fig. 43) of the two pieces a a and c o are cut 



tenon g h t, and in position, as at 6 cd, corresponding. 
a* dg h is end view of part j A •/* In fig. 46 the 
face a 6 of the end piece a a is mitred ] and the 



Fi|'. 45. 

face a d of the piece c mitred also, but the tenon or 
tongue / in this case extends the full length of the 
face of a, not cut short, as at g h in fig. 45 ; o' V is the 


Fitr. 411. 

or squared off at the desired angle, transverse grooves 
being cut in the faces and centres of the joints, into 
which a dowel or fefither d d is driven, being squared 
off at the ends in order to be flush with both faces or 
surfaces of the pieces a a and c ; the diagram to the 
right shows elevation of face of one of the pieces, 



Fig. 44. 


as a a. Fig. 44 is another joint of the kind on the 
same principle as in figs. 43, 41 and 42. 

Forms of Mitre Joints Toagnod sad Oroovod. 

In figs. 45 and 46 we illustrate a form of mitre 
joint with mortise and tenon, or tongue and groove, 
frequentlj used in joining pieces at right angles to 
each other. The ends of the two pieces are first 
mitred ** or out ofifat an angle of 45^ to their lengthy 
as at a 5, e t. But the one piece, as «/, is not cut 
fliidi or across the full face, but a part, as ^ A t, is left 
in the centre of the thickness of face, forming a t^non 
or temgae. A mortise or groove, tmgh, fig. 45, is cut 
ia the mitred face a b cS other piece, to receive the ' 



V 
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elei^tion of the face a b, with mortise g cutting in 
d d' is plan of lower edge of piece s, g' being the tenon 
or tongue. The positions might he reversed, the tenoD 
being cut on piece a a, as at A^ ». The lower diagram 
to the left shows the face of a a as provided with three 
mortises ; tenons are cut on the end of the other piece. 
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mm VOMIUX m M T$O0fQAL 0mXi^ 


zai woi^KAv AS A TBimneAL siinaK£ 

How TO fiTtnnr, uro Wblat to Sruiyi; 

CHAMHE ly. 

Tht Btal JHAovltf ia tiM Waj of oariTii^ o«t «& IctoiM 
• 7it«m of Toghaloiil IdaeotSmiL. 

« MiAirwBniiS we xnajr etate here generally lhat theae 
oanfioa will be fonxid to be almoet wholly perecmal. 
^he difficulty which nationally we have to m 
iolving the teohnioal eduoation problem ia not, we 
venture to aay, the establiehment of the miohinezy of 
education. We natioually axe wealthy and willing 
enough to give the means for thin, and more would 
have been giveh before now-— much ae ia now given- 
had there not been at least a latent if not expressed 
notion in the minds of many that all the machineiy 
in the world will not do its work unless the machines 
are fitted for the material and the material for the 
machines* That in our systems of teohnioal eduoation 
— 4uoh as they have been — we have not paid due 
attention to the material, '' not a few thinking 
men amongst us have unmistakably concluded. The 
students, who constitute of course the material here 
named, have, like all other materials upon which 
machinery has to operate to bring about a certain result 
—to do, in fact, its ** work — have the peculiarities 
of . social position, which are somewhat difficult to deal 
with, inasmuch as they involve the question of time 
for end of phyidoal ability to study ; tbe students we 
wish to become educated technically have also their 
peculiarities of individuality or personality, which are 
still more difiioult to deal with. But ^ of these 
muaf be dealt with if we really poipose nationally to 
solve the problem of teohnicid eduoation. And we 
venture to say and hope in the course of the present 
chapter — as fdso in aome parts of the series entitled 
**The Teohnioal Student aa a Workman — his Daily 
Work — his Privileges— his Duties, Besponsibilities, 
and Bewards to be able to prove that hitherto we 
have not yet nationally even taken into considera- 
tion those peculiarities ; far leas formed any adequate 
notion of how potent their power is for evil or for 
good, just in proportion as they are neglected or 
t^uaed, oi*, on the other hand, taken note and availed 
of. If nationally we had done this there is in the 
minds of many practical thinkers no doubt but that 
we should have made greater prqgrees in solving 
. the diftoult problem of narional technical education 
than we have as yet mede. Had we paid attention 
to thoaa peouliaritice we take leave to think that it 
wouM not have proved eo difficult of sbhittoiL 

firlhsr Ooadteettaa MBaneM with the nepartaat feiat 
aaaad la liasi faragraj^L 

Bapresskma or illuatraUona which are mid to be 
ftoniliai* are fay some oonaidered as undignified, if not 
degrading, when introduced into what th^ are pleaead 


to dig^ ;Boldiiig, as he tfasi 

sto heneat wtn!k,CBa be oli^n^ 
that familiar expreasioial ere dignified or dtii eii v i ie, 
according as the motive is for using thenv or that to 
whkffi they are applied, the writer does not think 
it beneath the dignity of his duty, at once to this 
important subject^and to his readers, to use 'what 
are called familiar illustTstians, when they cai^ hdlp , 
forward the intereste of those readers who taito up 
the study of the subject. In connection, then, with 
what we have said in last paragraph on the subject 
' of the machinery of technical education, we here use, 
es conveying in reality a vast deal of practically sug- 
gestivb truth, the familiar expression or saying that , 
we may take a horse to the water, but we cannot 
make him drink ” — ^nay, to put it conversely, if by 
circumstances, no matter what, we cannot ta^ the 
horse to the water, we may even go to the trouble 
of taking the water to the horse. And yet we 
may find the same difficulty to deal with, and 
we may not be able to make him drink. Fur- 
ther, if after we have somehow given him the 
supply we muzsle the horse, should we be wise or 
foolish if we then expected him to drink ? Or some 
physical oiroumstanoe might, so to say, muzzle the 
horse, so that even if he would he could not drixik, 
being in any case iquzzled. If we did not muzzle 
him ourselves, but nature or accident had done it 
for us, we, if we were wise, and the horse at all 
valuable, ^ould call in the aid of the veterinary 
surgeon in order to enable him to use his natural 
or physical peculiarities, or unmuzzle him. To use 
another familiar saying, ** The force or truth of the 
proverb or story lies in its application.” We leave 
our readers to make the application of the familiar 
expression we have above used, and if they take them 
in connection with preceding paragraphs they should 
make it easily and regdily* Its various praotioal appU- * 
cations will come up in due time and oonrse, as we, give 
what it is to be said in the how to study and the what 
to etudy of the workman as a technical student. And 
we reaeonahly hope to be able to prove the truth of 
the position we have assumed, and that deduced from 
the definition we have arrived at of the term teohnioal 
education. This position may here again be briefly for- 
mulated ; that of the influences which naturally exist 
and which Can be brought to bear upcm the work ht 
t^nioal education, uU must be availed of befcra 
that w(srk can be said in the true sense of the teem 
to be done. And we shall find, m we pvooeed, 
some of thoM have not as yet, at sH haen 

i^en general^ into account aa fadon — oerinMy not ^ 
as important qnes — In the eokitioii of tlm important ^ 
problem, now more than ever sngagiilg the uttontiM , 
of thenatioiiy hewbast togivie tP our taohmeal " 
men the advantages of tfehninal ednostioiL 
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wi no# iddrett oomiw 
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tljldpg all the ehuBsee engaged thrcmghoat the 
oonntry in the varied hranohes of indoetrial work, 
and viewing them aa a class, there i« one term 
which may appropriately enough be applied to its 
members, and this is that they are ail handicrafts- 
men. We shall see presently that there is nothing 
derogatory to the true dignity of workmen, in thus 
applying to them this term. All honest work is 
dignihed in and by itself, when done honMy-** 
that is, oonaoientiously-— and work is all the more 
dignified the more that mind is thrown into it* 
This we now come to consider. 

Btadieraftnata the Old Vame for Arttioars or Werkhif Mti 
—What tha Tana Involvet. 

In using the term handicraftsmen we mean that 
the chief characteristic of their work is that it is done 
by the agency of the handa Now, this distinction, 
which is certainly clearly marked, has a very decided 
tendency to create the idea that their work derives 
its value solely from their manual skill and dexterity* 
This would be quite true if the term handicraft were 
absolutely correct. But it is not so. It may indeed 
be taken to be a truth, that there is searoely one of 
, the many kinds of hand-work but what presupposes, 
indeed, demands, the previous exercise of mental 
thought. When the necessity for doing a certain 
kind of work arose, the first man who attempted it 
must have given some thought as to how it could 
be done. How best to do it would be a work cf 
time in the great majority of cases, for as practice 
enlarged, methods of overcoming its difficulties would 
suggest themselves, and by first tiying one way and 
then another, the best way of dring the work would 
be discovered. But it would only be by practice more 
or less long continued that this, the best way of doing 
the work| could be done deftly, in the quickest and 
most certain way. And although, when once dis- 
covered, this method could be hiuided down from one 
generation to another, it by no means follows that 
each snoceeding handicraftsman would equal his 
piedeeesaor in the sHlful way in which he canied the 
method out That would ^pend not merely upon 
his dexterity, his handicraft skill in short, 

hot upon his mental eapaUlity to grasp deaiiy what 
Ihnimk he was eaQed upon to do. Kor 

woold his value as a handicfifhunan be independent 
cf certain motml qualities which he might or might 
not poseesB imh as hooasfy of purpoee to do his 
msk coBsdentioiHly, and habits of perseverance, so 
he would not do his work fay iiti and starts. 
4^ as human natoTe varist sn e se dingjy In its 


manifeetation% so also would those attrilitutis taiy in 
different men, so that while one would be esteramd 
as a good and foathful workman, eo would another be 
of that unfortunate olasa who are known as worthless 
fellows. And so also would varied skill in h an dl ing 
the implements of work, and varied eapacity to esti- 
mate the character of the work itself, be met with $ 
and .thus, even in the earlier days of the worldi the 
olasses of the skiUed, the indiffierent, and the had 
handicraftsmen would be found to exist 

Kind a Charaeteriitie of all Good Ksadforaft Werk. 

We thus see that in the doeest way mind is asso- 
oiated with what is but too frequently asserted, and 
indeed by the vast' majority supposed actually to be^ 
mere hand-work or manunl labour. And although 
the work of some handicraftsmen may be said to bs 
so purely mechanical, done so intuitively and readily, 
that no mind is required in the doing of it, it may 
fairly be questioned whether there is any class ct 
work which cannot be better done in every sense of 
the term by giving thoughtful care to its exeouUon, 
in other words giving mental power to it. We have 
said that by experience the best way of doing any 
piece of handicraft work would in time be discovered, 
and that this one way of economically overooming the 
difficulties attendant upon the doing of it could be 
banded down from father to eon. But apart from 
the fact that this inheritance— so to call it— would In 
value be influenced, as we have seen, by the diffierenoe 
there is in the oapabiUties of one man as compared 
with those of another, this further consideration haa to 
be taken into account. In stating that the beet way, 
once disoovered, could be perpetuated by descant, we 
have presuppoi^ that there would be only one direc- 
tion in wbich the '^besf’lay. But whileit istruethat 
in some dssses of work its peculiarities are such that 
it admits of a uniformity of performance— the method 
used once can be used always— it is none the less true, 
as not a few of our readers well know, that the pecu- 
liarities of work in general very much— vary almoet, 
indeed, with each particular piece of work to be done. 
This arises from changes or vaiietiee in the charsetwr 
or nature of the material which is being operated 
upon. This may at one time be such as to preient 
greater difficultiee than part of ibe same subataiice 
may pfesetit at another; hcooe difficultiee which do 
not one day may a^ on another. Here it is 
obvious that thought will be demanded df the handi- 
cxaf temaa in order to overcome those difficulties •• 
tb^arise; and in the capability to glvs that though^ 
and in the way in which it Is ex e rcised, lies tharsason 
why one man is said to be skilled, another ^e reverse 
M n handicraftemin. Hence the erroneous ides^ 
which is all but nnivemUy accepted by a wide cliie 
of workmen, that no hesd-work is te^piirsd In the 
doing of handictsft work. 
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OUTLIDTEB OF THE PBINCIPLES A^’» PRACTICE OF HiS ART. 

CHAPTER IV. 

If the reader will turn to the laet paragraph of 
preceding chapter, he will see what we have said in 
treating of the centre of buoyancy as to the pressure 
upwards of the water in a floating body. But 
this pressure of the volume of water, ^ k I m 
or as 6 /^ c, in diagram fig. 3 (p. 318), is also opposite 
to the pressure or force exercised by the tendency 
of the floating body to sink. That is, both pressures 
acting in opposite directions lie in the same line, and 
being equal, balance each other, or are in equiUhrio ; 

< and the body, as at a or c in diagram fig. 4, is at rest 
or in equilibrium, and therefore floatsr But although 
bodiei such as those shown may thus, under normal 
conditions or circumstances, remain in the upright 
position, and may thus in a certain sense he sold to 
' ^ stable rtheir tnm stability i«stl in this--)^ 

power, so to call it, should be such that when 


to mf loros or pressure which, acting, say 


body, as at a or c, fig. 4, in the normal position, when 
it, so to say, sits vertically in the water- or ** swims fair,” 
is always secured, because the line drawn from its 
centre of gravity vertically, as a ^ or c i, falls within 
the base or the plane of support. And this, which 
we may call the vertical or normal stability, is in no 
way disturbed by any force acting vertically, as in the 
line from a to < 7 , as when the vessel by having more 
cargo or weight put “ on board ” sinks deeper in the 
water; or when conversely the force acts upwards in 
the vertical line, as from g to a, when tlie vessel, being 
lightened by having its cargo or weight taken out, 
rises in the water, For in the case of sinking or 
deeper dipping,” through increased weight or cargo, 
the volume of water displaced is increased also, so 
that as the bulk of the vessel is a constant or un- 
vatying quantity, there is an increase of holding or 
fordng-np pressure exercised on the vessel by the 
water which gives a tenden(y to the vessd to rise, 
and thus the yertioal or normal stability is maintained. 
And again, in ihe oaae of the vessel rising when 
lightened of oaxgo or weight, there is a displa^m«at 







Fig. 6. 


in the direction of the arrow a, diagram fig. 5, tends 
to make the vessel ** heel over,” or lean to the right, 
ae shown in dotted lines, will, when that pressure or 
force is either taken off or lessened, enable the vessel 
to return to the normal position, or that in which its 
deck, 5 0 , is parallel to the plane of flotation or level of 
surface of water, d e. This capability of a vessel to 
return to its normal position, or, as it is technically 
termed, to ** right itself,” gives it its true stability. 
On the contraiy, a Vessel is said to be unstable, or is 
incapable of ** righting itself,” if when a force as repre* 
sent^ by the arrow/— or equally as at a — acts on one 
ride, tending to push it, say towai^ the right, and gives 
it a tendency to deviate further and still farther from 
the normal position, till it is completely upset. It is 
scarcely necessary to say to the young student that a 
riiip to be sale, that is, useful for carrying puiposes, 
must be stable,” that is, have a capability of ** right- 
ing itself ” wheai placed under the influence d the 
f oroea of winds and waves tending to shove it aside, 
and must not ^heri over” too much, and thus be upset 
or ** founder” at sea. The mere atabiUty a fioatii;^ 


of a less volume and weight of water ; so that there is 
an excess of downward pressure tending to bring the 
vessel down, and thus still maintain the vertical 
or normal stability. But the condition of floating 
which gives to the vessel the capability of resisting 
forces which make her ^‘heel over,” and keep her 
heeling over till she may be absolutely upset, is what 
we call the “ true stability.” And this is secured by 
having a due relation of the floating vessel to the 
volume of water which she displaces. The two 
pressures or forces of those we have shown to be equal 
and opposite, and to be therefore on riie same line^ 
and this line is vertical, having for one of its prints 
the centre of gravity of the floating body, as g in 
fig. 5, and the other the centre of gravity, as k, 
of the volume or body of water displaced by tlm 
and which is obviouriy the fonn ij k, equal to I A n. 
This is the condition of what we ^ve called the 
normal or vertical stability, and which two forces are 
equal, but acting in esaotiy opposite directim^ and 
tberdforcbahnringornetttiidMingeaA 
the same line. This line^ as 0 pin fig. 6 , is te^mirclty 
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called the ** line of flotation,” the plane of flotation 
being, as already shown, the line or level pf water, as 
d ’S, d ef m 

Belation of Centre of Bnoyanoy to Centre of Chravity affeoting 
the Stability of Floating Yesieli.—'* Sven Seel/'^“ Heeling- 
over.” 

But the young reader will perceive that a vessel 
or ship, under ordinary circumstances of voyaging, is 
placed under such conditions that, excepting in cases 
of a dead calm, or when so acted upon by wind that she 
sails on what is called an ** even keel ” — in which case 
she is in the position which we have called her normal 
or vertical stability — she is liable to be acted upon 
laterally, so that she ** heels over,” or has her deck 
line oblique to the plane of flotation, as for example 
atg' r in diagram fig. 6, The “ centre of gravity ” is 
therefore continually, or liable to be continually, 
changing under the pressure or force of winds and 
waves; it may be to the left, aa at «, when the 
pressure comes from the right, or conversely, by a 
normal line, as the line op, i^ikh jiaam through the 
two centres when the vessel is in its positioa of 
normal staHlity. But the portion of th^ centre cf 
buo^jhanqy is also dbanging when the vessel iS placed 
under the nhnug in g circumstances^ of actual work, 
when subjected to the pressure of winds and the foroe 
of waves. For, as the vessel heels over either to the 
right or left, as at a 6 or e d in diagram fig. 6, it is 
obvious that the form or the section of displaced 
water, as at «/g, or A ij, in relation to the plane of 
flotation or level surface of water A is very different 
from the form or shape or section of the displaced 
water, as at ij A, diagram fig. 6, in relation to the 
line A A, fig. 6, or the line d «, fig. We shall see, in 
connection with illustrations yet to follow, how this 
change of position of the two centres affects the 
stabiHty of a ship. Taking the position as at 7 r, 
fig. 5 , and dropping a line to x through the centre of 
gravity, in which line gravitation acts on the veasel, 
we have now two lines of forces. But although, as 
always, those forces act in opposite directions, and are 
still equal, they do not act directly or along the same 
line, but form two lines, tu^wx (^. 6), parallel one to 
the other. These lines form what in scientific technical 
phraseology is called a ** couple.” And the resultant 
of this couple, or of the two foi^es acting thus in 
parallel lines, is a force which tends to change the 
floating vessel, giving it an angular position— that is, 
with its deck line at y r forming an oblique line with 
of the plane of flotation, as d s or s^ If the 
■hip OT vessel is so designed that, when loaded with 
Im estimated cargo, she has ^tme stability” (see 
pnoeding paragn^h)«-that is, can right herself when 
a foiee or forces cause her to ^heel over”— the 
«'aoaple” is termed a '^righring couple.” If the con- 
vwislhe ease, then the ^^oouplb” of foms acting 


in parallel lines, as at < u, to cc (fig. 5), is called an 
“ upsetting ” or “ overturning couple.” 

Other Tenii in the An explsiaed,«-*Oentre of niiplaeeaeat, 

—A Veieel righting Itiell— Xioadiag of a YoMol^Boek 

Cargoes. 

We have seen that the " centre of buoyancy ” of a 
floating vessel is the centre of gravity, as A or g, 
diagram fig. 5 , of the mass or volume of water — as- 
l m n, ij A— displaced by the vessel ; hence the term 
“centre of displacement” is by some given to it. 
Kow, a “righting couple,” or that which gives true 
stability to a floating ship or vessel, is that in which 
its centre of gravity, os diagram fig, 6, is always 
below the centre of gravity, m, of the mass of dis- 
placed water. If in this relative position, when 
the two forces constituting the couple cause a 
“heeling over” of the ship to the left, as at 0 d, 
or to the right, as at a 6, it will “ right itself ” on the 
forces lessening or being removed. If the relative 
position of the two centres of gravity be changed so 
that the centre of gravity n the oentiw of 

gravity a c| the dis^la^ water, then tbs epupifl 
' foriMd, as At jp g,' will act as ali" “ overtanfl^^io^ 
and ths vsm^ not bp seU-righting*; Hhi 
jfliudsnt win ise from this the prectkal^ 
so “loading” a vessel, or “stowing” away its oar^, 
that the heavy articles will be placed in the lower 
part of the “hold,” thus throwing its “centre of 
gravity ” low, so that it wiU be below the “centre of 
buoyancy ” or “ displacement ” He will also see the 
danger, of which so much has been heard of late 
years, 0! having what is called “ deck cargoes "-—that 
is, goods stowed away upon the deck, which have a 
tendency to raise the centre 0! gravity of the ship, 
and may place it too near, if not actually at, or— what 
is fatal, as we have seen, to true stability— above the 
centre oi buoyancy or displaoemcnt. When the two 
centres are coincident, or the centre of gravity 
meets in the same point as the centre of buoyancy, 
the vessel is indifferent as to position, and will 
therefore be in equilibrium in any position. Another 
practical point of importance, as bearing upon ths 
true stability of a ship, or its capability to right itself 
in all conditions in which it may be placed, is the 
stowage of the cargo in such a way that none of it 
will get loose and roll to one side. In this unfortu- 
nate condition, but too often experienced— and which 
has doubtless been the cause of ships* foundering at sea 
of which nothing has ever been heard— if those loose 
goods, when heavy, roll over to the side to which the 
ship is being heeM over, they may so weigh the ship 
down towards that side, chan^g the position of the 
centre of gravity, that the vessel cannot right iteelf 
at all, or eo slowly that heavy am may be shipped, 
and it may beam utimanageable for a time, and 
gnat damage done, and risk of total Unm may be nun 
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.'i/'in k.bmg 

.^reotei ^ iSw fotiaam cf lbi 

mml w^ ifilliiig/t^^ tilt faibmM of tiit wkd 
mvM, or wto ^^ roUing^ Ijdiig^to ^ at 
aiNhor. wilk a heavy iwitil osl I1>)» oonnected 


hdagi tiboat an tiril h taotisefr ^pQn&tloii of oiroaBh 
etititea lot a elup adth gitat etabilhy iet^ atoeonty; 
oat which "fights itpMf ” qtiioldy ; and quick "rights 
h^ with ddrem and Irequei^ r^tod pretwe^ 
or foroee, as of wind and waves, is sin^l^ quick 




Fig. a 

with those" changes, and which have partly been * rolling.** Kow, as rolling in one direction throws, 
already explained, will be more completely examined so to say, a certain number of straining forces upon 
at a future part of our paper, when othor pdnts the materials, wood or iron, of which the vemel Is 
connected directly with or besring upon them, will constructed, any quick return from this direction, 
fall to be considered. throwing the straining forces in another direction, 

We have elsewhere in this Journal pmnted out gives rise to what may in one sense be called a new 
to the young reader the importance of considering esriee <d striuning forces, whkdi sre veiy dangsmi 
all the conditions or tireumstancss connected irith or damaging to the structure. Easy roUing is tharsh 
mechanical work, as theae may bring up pointe fore a {K>int to be aimed at ; and friim what we have 
which must be attended to, modifying more or less said, this can only be gained by the sacrifice qf 
the application of a principle which in itself is sound, certain prc^xirtion of the.stahSiiy of the ship^ 
and which diotatea aound work as a general rule, giving wiiqr t6 the waeea, or m^tiier the wisy h Vriihh 
Ihe value of thisvcantion is exemplified in the case a ship’s motion ^emiioito with the motion of thg 
now under conaideraticn, of the stabilify of ships and waves^isunder ositain aoBifitiflnaapoint 
vesaeli* Essentially necessary lor the dee wmddiig at in desigBing a ship ; and tins |S alwnys a chaiaet^ 
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iBtio of a stable diip. in ^oUixtgi if ibe ship wa; iadadmg the t^ or bebg a complete er 
i«oedec fjm M dooMed ofidllatiim. !I1us is coneotly baaed on the 

to one ^ e^va adtahm . plmomeoa of ^tohiuft whkh embraee fliet a da> 

is preeideii or '.lo^^riiig of -the hm of 'the ship and a , 
■obefliyit a> ' tf ^ ^ ^ ^ amqpo&diag i«iib| of the etani| 4o which siagk 

fa neip ii iy . the 

|pe^'< <er .^ ihiao^lia'' whm a'id#'sbUe dep^ 
from^ the ' wafi%^ shiD he Isfea ISkm thehr qibed^i& , ^^eoeading'** Is used. ^ i^That it' thlled 
other words, the ship murt roll more slowly than of a ship is so dispdsiiig of her load albuf the lihff^ 
thewayes follow h«r or press upoo her idde. Now, of the ship that she w^ float **00 ah evea kiidf'* or '' 
from what we have said, this can only be gained otherwise hare her load to disposed in relation to her 
f saorificmg a portion of her stability, although length, that the stern may be more depietsed or float 
the way in which the cargo is stowed away and the deeper in the water than the bow ; in this case she 
general weight of the ship iteelf is distributed over is technically said to be trimmed by the stern.** Ih 
its whole structure affects also this slower rolling, the converse case she is described as being ** trimmed 
or the time or speed of its rolling. Ihe surface of by the head ” As a rule the trimming by the 
the water, or the plane of flotation, is not always level stem ** is that which in the practice of lading a ship 
— indeed, out at sea and in anything like rough or is adopted. In connection with the points noted in 
heavy weather, this plane, so far from being level this and the preceding paragraphs, there are other 
or horizontal, as at d 0 in fig. 5 {mUe)f is, as a rule, definitions to be given, such as of metaoentre,** and 
more or leas inclined, giving a rioping surface as at sundry practical circumstances connected with the 
a 5 or c cf in fig. 6. The tendency of a ship to keep trimming of ships to be described ; but all these will ^ 
upright in water, which may have its surface either come up for considojivtion in duo course, and in their 
horizontal or level, as at d e, fig. 6, or' sloping, as at appropriate places and paragraphs. Meanwhile we 
line a 8 or c d in fig. 6, has been called its stiffness, proceed, as forming part of the general introduction 
as contradistinguished from that tendency to keep to the special points of the actual work of construction 
truly upright in rough-surfaced or wave-lashed water of the boat and ship builder, to give remarks on points 
to which the name of steadiness has been given. of great interest, such as the mode in which vessels 

Volatt ooMMua with TlMtinf ▼«mU or lUpi .thtr thu ‘>'''8 « 8«‘ded w m to telco oertein couraM 

Heeling-over and Bolling Kotiona— The Pitching’’ desired; and by which ships are propelled through 
Motion. the water by the use of sails. In connection with 

We haye hitherto been considering the motions of these there are many points, of interest as well to the 
a ship in relation to her cross or transverse section, general mechanic as to the boat or the ship builder. 

This motion, which is from side to side, alternately And the first to which we shall direct our attention is 


depressing and raising one side along the whole 
length of the ship, as is well known to eveiy one 
who has been at sea, goes by the name of ** rolling,'^ 
and can be conceived of as a movement of vibration 
or oscillation, on an axis which runs from end to end 
of the ship, at right angles to the line of cross section, 
and placed at some point on the vertical line of that 
section* But there is another motion in vessels in 
rtmgb, or roughish, water at sea, better because 
more puinfuUy known to those who are afilieted with 
what the French call the mo/ de mer (literally '^ill 
or evil of the sea or we ^’sea-sickness,** and to this 
motion the name of ” pitching ** is applied* In this 
the bow — and conversely the stem«-of the ship is 
alternately raised and depressed ; the motion being a 
longitudinal vibration or oscillation on an axis at wane 
' potnt midway between the bow and the stem* This 
mhrion of ptUhing is ganeraBy considered and de- 
atrihed as a ringle mptien ; hot in the technics of 
ship building it is described as of two kinds of osdlla- 
titm— the term ’’pitching** when used in a general 


Osrtais Peiats to bt esBsidwfd is rslatioa to the Propnlsioa 
of Boati by Osn, of TouoU by WiaA aotiag on Satti, by 
Paddloi and lorowi, and to tbs Itooring or ChUding of 
floating Vfiiols by tbo Holm. 

As closely bearing upcui tbo important points oon- 
nectod witli txiats and shi^m named here, it will be 
necessary for the young ttmrlcr to take into considom- 
tion {K>iiits csmneiied with forces and motion* 

In tlie iJs per entitled ” The Technical Student's Intro- 
duction to the Principles of Mechanics** lie will 
find the different kinds of motion descrilied as pro- 
duced by one force only, and that aeting in one 
direction. If there be more forces than one, but all 
act in the same line of dirocllon, the extent and effect 
of these forces in producing motion will be equal to 
the sum of these forces. If they act in opposite 
directions the two loroes will lend to destroy each 
other, and if equal in amount will neutralise 
other, so that body will remain at i 
being produced. 


vou t. 


IS 



•' ,v, ' •.;'>%i^‘'' :!; " , V '/v,'',;* ^ v 

OHAITKR HI. 

^1 tionduded the liMrl^ paragraph ia prioediBg tbve^ment tlje Mts and 

chapter l}y'reiiim']dng that the earlyiinahe of iron and maanfaoture of niaterials of in diipfli giiii% 
was of the claw now j^own as malle^le or wronght. and ama of all kinds. 

This there is good reason to believe now and then l^e art of cast-iron founding by the end of the 
took the form of steel, as it is yeiy probable the reign of Elisabeth had reached so far in the way of 
iron makers of the day occasionally stumbled on progress that furnaces were in use of such (then) large 
one of the modem methods of ntairing t>iia more dimensions as to be capable of producing from fifteen 
valuable produet* "When We come to describe the to twenty tons per week. When we state that many 
details of the methods of modem metal making, we furnaces now in use are able to produce with ease five 

shall see, indeed, that the early masters could not hundred tons and more per week, the reader will be 

at times prevent the reduced ore assuming the form anidous to know the method by which that vast pro- 
of steel* That the iron produced as a general duce is created and maintained from week to week so 
rule was of the -first quality of the wrought or long as the furnace is ** in blast,” or in work,” and 
malleable class is beyond a doubt ] it could scarcely^ to Income acquainted with the improvements which 
indeed, be otherwise, for the workers were compelled have led up to the realisation of such enormous results^ 

to use the finest ores for the simple reason that their All these details will come in due course before us ; 

appliances prevented the use of i^erior qualities ; and meanwhile it is almost unnecessary to state that those 
BO slow was the process, such as it was, and so limited improvements were but few and far between in 
was the extent to which the reduction or smelting the earlier days of the industry, and were practically 
was carried out, that little in the way of impurity fewer still through the sti-owig opposition which they 
remained in the iron withdrawn from the furnace to encountered from the trade. For one of the valu- 
deteriorate its quality. But the very limited reduction able lessons to be learned from a study of improve- 
or smelting which the early workers could only secure ments in the arts and sciences is that the first thing 
was itself the cause of the soorisQ or cinders left over which an inventor or improver has to do is to over- 
from the process being rich in metallic products, come trade prejudices and business dislikes, and that 
Hence, as we have hini^ at, their utilisation was long it is frequently much more difficult to ovoi’como 
centuries after token in hand, by which much of the those than it is to conquer the difficulties attendant 
contained metal was reclaimed. upon the ()erfectmg or introduction of their invention 

Msllssbls, Wrought or Hsmmortd Iron ths Form iu which it improvement. 

was Early msdo.— latroduotion of Oast or Fig Iron. The history of the iron trade affords, perhaps, the 

This, the original and long-carried-on method of most striking exemplification of this melancholy fact : 
the early iron makers-— by which malleable iron u^as one which, although not so powerful in its influences 
produced of a quality such as we now should class as as in former days, is for the sake of true progress in 
wrought iron of the finest class, approaching very near the arts and sciences all too powerful still. So power- 
in quality to what we now designate as ** mild ” or ful that it affords, perhaps, a csogent reason for 
** ingot ” steel, the product of the new proc*ef?ises of cherishing but little hope that the true relationship 
Bessemer and Siemens, described in the sepamte paper between the meml>ers of an established trade and those 
entitled ** The Steel Maker was ctirried on in this who propose to improve it will soon be recognised 
country up to the reign of Elizabeth* That form of and acted upon in the spirit which a lone can guar- 
iron which is popularly and very generally known as antee for us as a people that progress in the arts 
cast iron— but amongst the trade as ** pig iron,'* for a and manufactures whidbi is su^ a powerful minia- 
iwason ^ hereafter stated — ^was very likdly intraduoed trant to individual and national prosperity, 
early in the reign of that celebrated queen, and qqij hi ^ Ttou. Tjsiseni te bo telvei 

probably carried on for some time, because we find from a Bzisf eisnoo at tko Sistorj of ito Introdaetio&. 
the first recorded statement concerning the art tells We have said in a preceding paragraph that some 
us of cast iron used as a substitute for bronze in the of our readers, not acquamted with the details ql the 
manufacture of guns or ordnance. It is curious and iron trade, would express surprise that difficulties 
suggestive to note in passing that the primary inciting . in the way of carrying on the manufactuie, arising 
cause of the discovery of new processes, qr of the from the want of wood, which yielded the charcoal, at 
application of new machines or appliances, has been one time used only as the fuel required in the rec^ 
jmi or other of the many requirements of the art tion of the ores of iron, would be overcome, and earify, 
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jmM, <4^ .«wNii»a»“:^,^' «« amr bo doabl to nHoucife Oi^ tomekMlDH to tfco.flfe'/: 

cf tilift dbM pidil^ of 'tiifiir p ' tmul' ■ ^ ' 'thrt 

ligg oouMiwXbeiiwd for iioo m»^k wy W# ^ 
^ Wii, aid ewpuictiivo^ oa^ as it ia to hays not yot qtdto learttad to be wiM ai to tlko 

jplociixo it from tbe tnine^ or coal pit$ (tJie term loeaee resulting from folly euoh as for it wae 

" biilia ^ being rarely applied although coal is mined but the other day, speaking omnparatiyely^or yeara 
predatly as ottier minerale'^-oee the papcir descriptive in the life of a great people are but as a day to the 

of coal ^t mrking), things were not always so« It individual— >that our own iron maiters adopted an 

was some time before coal was used, some time improvement in working which for yean they had 
longer before^ it became known that it existed in maintained could not possibly act, notwithstanding 

such ^ormously vast deposits in many districts of that iron masters of the Continent bad used it with 

the kin^om, that it was even till comparatively great economy for years. Examples of this method 
recent times considered, even by scientific men, to of doing business, if not numerous, at least very 
be inexhaustible. Longer time did it take for us to striking, may prt)l)ably be given as occiisioii offers in 
be able to avail ourselves of those vast supplies ; and the ptiges of our work yet to come. We have now 
had it not been that precisely at the time wanted reached that pr int in the history of the iron trade 
the steam engine came to the aid of the coal-pit which, however, afibrds perhaps as striking an ex- 
proprietors, the supply would have totally failed, emplitication of folly of tliis kind as can be oiTered 
Coal in some places crops out quite to the ordi- hy the history of any branch of national industry, 
nary surface of the gi’ound ; in othei's comes up to A most striking example, truly, for the folly or the 
within an easily reached distance from it j but in the ain (and it was both) retarded the prosperous progrea 
majority of cases it lies in strata at a considerable of the nation, and kept thousands out of profitable 
depth from the surface. In early times, after its employment for a long, long period of years; and 
value as a fuel was known, mechanical means and last, if in the opinion of some it bo the least, result 
appliances at the command of the coal workei’s Issing of such a miMt^nihle tin in of unhappy cireu instances, 
of the simplest, and even in that condition dUhcult it utterly ruined a most desei*viug man, and breaking 
to be made, coal for some time would be got by his heart, prematurely killed him. The whole cir* 

digging for it from the surface, just as one would dig cumstances, if recounted, would, as indeed they do, 

for chalk, lime, or marl ; and as the ex<»ivation8 for form one of the most romantic and touching episodes 

those materials were familiarly known as pits, the term in our national history. 

was obviously from the earliest times of coal-getting jrotet on the Xarlj Hiitory ef Xm lUkiaf with Oool 
applied to the diggings used to come at it, and is ms f oel. 

stUl much more frequently used, as we have stated, It may easily be mippased that with a people so 
than the more dignified name of mine. About the natumlly enter|)rising, so curious in prying into the 

end of the thirteenth century coal was obtained in secrets of nature, of such an inventive and ingenious 

comparatively large quantities from the pits at tom of mind as we have from the earliest times 

Kewcastle-on-Tyne — the earliest, at least the first im- been, and are now more so than ever, there 

portant seat of the coal trade— from which port large were those amongst them who were by no means 
bulk was exported to what was then called the Low satisfied with the rough- and -reaily, and assuredly, in 
Countries, now Belgium and Holland. This export every sense of the term, rude way in which ho many 
was carried on principally to supply the iron workers decided that for one reaMon or another, and each and 

with fuel for the production iron, wood being all deemed to be true reasons, coal was twl ap. 

over a large area of this part of the Continent as plicable to any of the purfioses of iron making. The 

scarce as it was with us. One would think that this continued scarcity of woc^, and, as may be supposed, 

fact of its being so employed would have naturally the gradually increasbg supplies of coal, compelled 

struck the iron masters of thSA eountry as one as volu- more attention to be paid to the subject, to see 

able for their trade purposes as it was for the makers whether or no coal could, after all, be used by the 

of the Continent* But the reader who supposes that iron makers of this country-^as, beyond all &abt, 
this would be the inevitable result of the circum- it was then, and for some time had been, used hy the 
stances then existing has but little knowledge of iron makers of the Low Countries abroad, as witness 
the histoty of our great branches of in- the largo supplies of Newcastle coal they would have 

dustiy. Our iron makers of the period referred to sent them for this very purpose. The first recorded 
not only refused to avail themselves of the help out trial of coal as a fuel for smelting or reducticn of 
of their difficulty in the matter of a non-supply of iron in the trade or branch of cast-iron or pig-iron 
(wood) charcoal, whmh coal was thus proved by making— which by this time bad become an established 
^er makers to give them, but they went further— induatiy'— was that made in the year 1«1 2. 
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68. Btitemfr Steel Usetittgi. 

Ws 'oonciuded our last note” (No. 63, p« 339) by 
alluding to the fact that Sir Heniy Bessemer had so 
anticipated the coming necessities of his process that 
he had at an early stage of his career aa the inventor 
of the converter system, de^sed and indeed patented 
a method of mechanically agitating the molten steel 
before it was turned into the ingot moulds. Those who 
are acquainted with the career of Sir Henry Bessemer 
as a metallurgist know well a very striking feature 
in his character — namely, his mechanical prescience 
(we use the term here with all becoming reverence 
in view of Him who is alone absolutely prescient), •or the 
way in which in bringing out his great invention he 
was able so to foresee or anticipate the mechanical 
necessities of the process at its various stages that, 
as it kft his hands at its final working stage, it Was 
complete piwctically in all its departments. So much 
so was this the case, that although improvements in 
detail have no doubt been effeoted^-^as the great im« 
provement in the converter which was due to that 
undoubted metallurgical genius, the late Mr. Holly, 
of America, but too early taken away from the 
service of his own and this oountry-^tiU the system 
of working the converter steel-making process re- 
mained for a long course of years, and still remains 
virtually, the same as it Irft his hands. And even 
in this, which may be said to be the latest phase of the 
process — the agitating or mixing the molten st^l as 
it passes from tbe converter, and before it is *'cast” 
into the ** ingot ” or other forma— Sir Henrj" BeHspmer 
may be said to have in his own mind predicted what 
wo^d happen at a much later date in the hiatoty of his 
process ; and not only to have done so, but anticipated 
the certain realisation of his prophecy by inventing 
and patenting at a veiy early period of his career as 
a metallurgist a method of mechanically mixing the 
molten steel* fbr, like all truly great inventors ov 
discoverer^ and unlike some othm who are not great, 
Sir Henry, while maintaining the accuracy of his 
views in the m^, and the value, as a whoie^ of the 
products of these, was not backward in admitting that 
improvemsoiU in certain pcmits could be made, and 
were indeed necessary to be made. And this defect in 


his steel, which has been spedally alluded to at an early 
period of this series of notes— ^nd, in one sense may 
be said to be the reason why we ha^e taken them in 
hand on behalf of our readers — ^namely, its lack of uni- 
formity or homogeneity — has been admitted. In Sir 
' Henry’s early patent he described a mechanical agitator 
revolving in the molten metal, under cpver of a tidn, 
so to say, of molten slag floating on the top. By this 
means the air was excluded, so that any Ranges 
in the condition of the metal would be due to the 
agitating or stirring only, and not to any combina* 
tion brought about or clmnges induced by the action 
of the atmosphere. It certainly is greatly to be re- 
gretted that this proposition of Sir Henry Bessemer’s 
was allowed to die at once after bii*th, or, as the 
phrase is, was still-bom. It may be taken as an 
addition to the very long list of inventions before their 
time — or rather, it would be more correct to say, it was 
one of those inventions" which were really required, 
and which could have been at once utilised, for the 
necessity for its use* then existed ; but of which it is 
to be Hfiid that they were not used, the necessity to 
use them having not been taken up and. believed in by 
those most interested. And it is diflScult to estimate 
the loss which the public haa sustained for so many 
years through the existence of this peculiar condition, 
which seems to be the normal one of a certain class 
or classes of it. Certainly in this particular instance 
of Sir Henry Bessemer’s too early introduced or 
patented invention, Mr. Allen is quite justified in 
saying that bad it been adopted at an earlier stage in 
the history of the process, much of that feeling of 
iinoertainly in the material, and the general impression 
of the want of uniformity, would never have arisen ; 
and many of the fancy tests now imposed (on makers) 
by consumers would not have come into fashiep.” 
Now that the method of mechanical mixing, or 
agitating of the molten steel as it is at first turned from 
the converter, has been re-introduced, and in juinciple 
the same as the eai'lier contrivance patented by Sir 
Henxy Bessemer, we shall see whether that indifference 
to a well pronounced and euooeesfnl mode of worldng 
will be exerted, or rather-^or there is not much exer- 
tion in positive apathj»brou^t to bear upon the 
method, so as to keep it practically inoperative, qr 
if not preoisdy this, at kiart to a large extent idle. 
Qlandng at the history dt inventions and proceeses 
is not mei^ the gratification at % natural cosiosity; 
Mudi can alwt^ys be learned, if .only there is a 
to learn the leesona whidi H teadiee, havinig a very 
dose ^xmEnection with the ^taib ^ ai^ bedaM 
practically carried on, and whidi is tiberefore 
auggeative to the mere tedinioal student^ who may 
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be looking forward io tbe time when he may himself 
be in business,” to secure suooess in which he will 
find, as so many hare found before him, requires 
a greater numb^ of points to be attended to than 
many«~>anfortunately for themselves — seem inclined 
to consider necessary. To use in this connection 
a carious North of England popular phrase, the full 
suggestive force of which it takes a north country- 
man to understand and thoroughly appreciate, 
takes a man to look more than one way for Sunday.” 

The form of mechanical agitator for molten 
Be^mer steely which has been now introduced so 
successfully into practice, is as simple as it is 
ofiective in operation* It may be described in a 
few words by the help of the annexed simple type 

a 

ri" 


diagram. TiOt the thick line a 6, to the left, 
represent the w'all of the converter shed. This 
carries a strong iron bracket, stretching out hori- 
zontally over the converter pit, the upper and lower 
parts of which are reprc.sented by the lines o and 
d. This bracket carries at its outer extremity the 
bearings in which a vertical shaft, e e, works, tlus being 
made to revolve by bevel gearing. The lower end of 
this shaft e e carries the agitator, represented by/, and 
which takes the form somewhat like a two-bladed 
screw-propeller, in which a slight twist is given to 
each blade. This simple mechanical device is a 
fixture, not only in the sense of being stationaiy at 
and above one point in the circle of the converter pit, 
but also in the sense that the vertical shaft, ee, 
with its stirring blades,/, has no vertical movement 
up and down, as in the Erection from / to e or from 
s to /. The agitator, therefore, cannot be lifted up 
and then dropped into the mass of metal to be stirred, 
carried by the ladle filled from the converter. This 
difficulty is got over in a very simple way ; for the 
machinist and engineer is ever fertile in expedients, 
and if he cannot make the ** mountain go to 
^ahomet,” he compels Mahomet to go the 
moantain.” ^The ladles used to hdd the molten 
melal received from the converter are, as those know 
who are conversant with the working of the Bessemer 
lleel-making process, made to sweep round or command 
theamof theingot ffit by an hyihaalic crane. The 
normal levd at whiidi the ladles are carried round is 
lower than the level df the blades,/, of the media&kal 
agMoKf M roughly shown by cur type illustratton. 


The hydraulic ladle, then, brings round a ladleful of 
molten steel to a point in the sweep of the ingot ]^t 
immediately under the blades of the agitator. The 
attendant stops, by turning one handle, the progress 
of the crane, arresting the ladle motion, so that the 
blades are above the centre of the mass of metal ; by 
turning another handle he makes the c^ane mechanism 
raiee the ladle— with, of course, the necessaiy result of 
forcing the blades, represented by line / in our type 
diagram, into the mass of the metal, and to the depth 
required. The driving mechanism is then put in geari 
and the shaft # s is made to revolve at the rate of one 
hundred revolutions per minute. When the stirring 
or agitating has been done sufficiently, tlie crane 
mechanism is again put in operation; the ladle is 
lowered till it is clear of the agitator, and assumes its 
normal level of circular sweep* It is then moved 
round till the discharge orifice, with its stop valve 
or plug, is above the orifice of the ingot mould, when 
this is filled with the well-stined molten metal. The 
enormously high temperature of the molten steel in 
the ladle would soon destroy the iron blades, /, and 
shaft 6 e which carries thorn ; but to protect them they 
are covered with a composition known as gannister or 
with loam. This covering has to be done with the 
greatest care, as any falling off of it from the parts 
which it covers would be fatal to the ** life ” of the 
apparatus. The cost of the agitating process is so 
trifling that no appreciable amount can be set against 
it, so that practically it is debited with nil* And the 
time taken is also so short that there is no iuconveni- 
enoe attendant upon the use of the apparatus. Having 
thus so, far gone into the pi'ooess of molten steel 
mixing, we are prepared in our next to take up 
the loading points connected with the '^oastings” 
made of this mixed or stirred steel, to be used for 
various constructive purposes, and alxiut the construc- 
tive strength or value of which there is s^oh a 
wide diversity of opinion amongst practical men. 

m CalsttUtieg SarllMfs aid Oeatsati ef ftssci ef llstol er 
Wood, whoa f raotioas are givta la the Dhasasioas. 

The young meclmnic has frequent occasion to knew 
the superficies or area, or the euliicol or solid contents 
of a piece of metal— as a beam, for example— when 
fractions of feet or inches are given in the^Unensums. 
The ealenUtions are easy to be made when the deounala 
of the fractions or parts are known. We give, for the 
benefit of the young meohank, decimal parte in the 
following tallies : A ** being the decimal e^valents of 
parts of a foot in inches and eighths of an inch and 
B the ** decimal equivalents of the parts of an inch in 
thirty-seconds from 1 to 31.” The nse of these tables 
is simply explained. To find; for example, tha area of 
a ipven surface in square feet, of which the length Is 
10 inches by Jtfas of an inch, find the decimal of 10 in 
Table As*S33,andofithsflsK>78| then ^838 X *078 
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asthe area. To find the cubical or solid contents of 
a piece of metal measuring 10|thB inches in length by 
6^nds inches in breadth by ||nd parts of an inchin 
thickness— ‘that is^ between fths and fths of an inch. 
Take the decimal equivalents of the above fractions 
of an inch and multiply them together or into one 
anotheri and the quotient is the cubical or solid con- 
tents. Thus ^ths dedmal equivalents *875, ^nds 
= *093, |fnd8='687; then 10*875, or the length, 
multiplied by 6*093, the breadth, and *687, the thick- 
ness, gives the contents. 


Table A. 



IikOhM. 

Eonivstentt in 
Deoinuilf. 

4 0*10 

8 

•25 


4 

-88S 

i ■■ ■ ■••fin, '- • 

8 

6 

•418 

*5 

: I- ' ■ ■ fi» ' . 

7 

*688 


8 

*668 

-■■■■,’!„:-vl '-u-' i 'on 

e 

*78 


10 , 

*888 

• -Me 

11 

*918 


Table B. 


FhMtloni at nn 
iBoh In ihirty- 
MOonCn. 

XquivilenU in 
oaounnli.' 

Fractions of an 

inohinthlrty- 

looonds. 

Sq^s«l«ntSiB 

Doolniabi. 

1 

*081 

17 

•631 

2 

•062 • 

18 

•662 

8 

•098 

19 

•698 

4 (or n 

•126 

20 (or r) 

*625 

8 ' 

•156 

21 

•666 

8* 

0*187 

22 

•687 

7 

•218 

28 

•718 

8 (or iO 

•25 

24 (or D 

•76 

9 

•281 

25 

•781 

10 

•812 

26 

*612 

18 (or r) 

•878 

27 

•843 

18^ 

•406 

28(ort) 

•876 

U 

•487 

29 

•906 

15 

•468 

80 

•937 

18 (or 40 

•8 

81 

*968 


71. Tkt Aotion of Urns as a Xortar or a Oomoat 
A correspondent sends us the following as an 
expression of his views on the subject. When a 
mixture of lime and sand with water in the proper 
proportions is placed between two stone or brick 
surfaces, after the lapse of time a oementation takes 
place— that is, the mixture placed between the surfaces 
hardens, and ^e latter are firmly cemented together, 
and with sach strength that, as your correspondent 
**F.G.S,” remarks, the solid stoneor brick itself will 
often yield to strain sooner than the hardened mortar.” 
Now, 1 have always understood or taken for granted 
—because I don't remember ever having read of such 
an explanation — that die action that takes place is 
as follows : The silioa contained in the sand unites 
slowly with the lime, forming one of those extremdy 
hard insoluble compounds well known to good 
chemists, calied stfioolc ^ wkiwn^ until in course of 


time the whole of the mortar is converted t]K>m 
a mere mechanical mixture of lime, water, and 
sand into a solid mass of calcium silicate. Now, 
this would appear to explain the hardening of 
the mortar, but in no wise does it touch upon the 
question of the adhmve properties exerted by that 
^6 simplest explanation, 1 think, of this material 
latter point is this : that the portion of the lime 
immediately touching or lying on the brick unites 
with the silica contained in the latter, thereby 
forming an intimate, solid connection — in fact, a 
fusing, as it were, of hard mortar into the brick. In 
the case of cementing stone containing no silioa the 
action would be that a portion of the sand of the 
mortar unites with the lime oontained on the surface 
or face of the stcme. 

If. Xsmdaoas Mikt. 

Of late years efforts have bm made to introduce 
into genend use paint to which the property of 
giving out iig^t in the dark had been imparted, by 
admixture with sulj^de of lime. This latter salt ia 
r^ily obtain^ by heating a mbrture of lime and 
sulphur to bright redness. On exposure to light it 
absorbs a certain amount of the rays, and gives them 
out again when taken into the dark, appearing 
luminous or phosphorescent. Articles covert with 
oil-vamish paint, made with sulphide of lime, appear 
luminous in the dark, for a length of time dependent 
upon the duration of the previous exposure to light. 
It was hoped that extensive practical application 
could have been made of this principle. Lamp-posts 
and gates, bridges, and the end of trains, life 
sea-buoys, and lighthouses, were painted with the new 
luminous paint — all being render^ perfectly himinous 
and visible in the dark, the amount of light evolved 
being in each case proportionate to the length of time 
previously exposed to light. Notwithstanding these 
results, luminous paint, though employed to a limited 
extent, has not found the extensive application antici- 
pated for it, owing chiefly to the fact that in dark 
winter nights, when most needed, the luminosity will 
be less, owing to the darkness of the days ; whereas 
in summer nights there will be great luminosity when 
less need of it. And it need hardly be observed that: 
in such cases it is most important that it should be 
dtpendable or reliable in its action, as otherwise it 
might lead to those very inconveniences or aocidenta 
the prevention of which is the object of its use. 

Sulphide of calcium or lime absorbs more light 
when warm, and gives it out again more readily. 
Either dajdight or sunlight or artifidal light serves 
to excite the |fiiophoreacent pcopertaas of this 
stance. It should be remembered that Inminoiis 
paint must contain no lead compounds, nor must it be 
laid in contact wiUi mytUng containing lead, as the 
black leadHm^phide woi^ then be gradually lomM* 
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It is hoped that luminous paint may yet be exten- 
sively employed in the many directions in which it 
is, beyond doubt, applicable, Next month we intend 
to give an account of its present use and its future 
prospects. 

78. Trestmeiit of Bom Plsiiti is the Floworiag Somos 
for the lasoots. 

It is only to one point in connection with this the 
** Queen of FloVers,” as it is deservedly called, that 
we propose devoting a paragraph, and this is an 
important one, as all who cultivate the rose know 
well— namely, the prevention of the ravages of insects* 
Of these the chief, if not the only one demanding 
extremest care, is the Aphis, known popularly as the 
^^green lice,” Amongst the many valuable, but not 
always valued, kascms which the cultivation and care 
of flcmera of all kinds teaches, there is none perhaps 
more striking and salutary in the influenoe . it has 
upon the morale of the flower grower than that of 
patience and persigtenoe in the doing of neoeaaary 
work. And we doubt if this most valuable attribute 
is more thoroughly tested in all the wide and varied 
range of flower culture and care than the work to 
be done in connection with the Bose, at that season 
to which our note refers, And unless this virtue be 
exercised to the full, we may say at once that success 
in bringing forward the roses to that perfection 
which all like to see will not be secured. Minute 
as the insects known as the green lice are, considered 
mdividually, it is amazing how great the extent of 
the mischief which but a few will do to a plant 
in a remarkably short space of time. Nor is the 
rapidity with which they multiply a less marked or 
a less annoying feature of their existence, If the 
amateur rose grower — for it is to the gardeners of this 
cl<M« our note is addressed — through any cause^Ulness, 
laziness or indifference — ceases to pay attention to his 
plants for but a single day, he knows but too well 
that he will have to suffex^-or rather his plants will 
—no small loss as the result of his absence, or as 
the penalty of his neglect. To one who for the flrst 
time comes to the work of rose culture and care, and 
to an observation of all on which its success depends, 
nothing will be more surprising than to note the 
extreme rapidity with which the insects increose and 
multiply. He will have left a plant which he believes 
to be almost free from them but a few hours, 
and on his return he will And branches and buds 
literally alive with them. And great will often bo 
his diaappointmmit, should be be called fhmi home for 
but a day, to find on his return some ** precious buds,” 
whidii promised to give him some ^lendid roses, 
luOf devoured, and hopelessly ruined. The surprise, 
indeed, is to the novice vety great, how so small, 
ro insignificant-looking an insect, can do eo much 
mischief in so short a time. It is a fine example of 


what small efforts persistently continued can do ; and 
it affords an excellent lesson, inasmuch as it is only 
by a Uko persistency in the canying out of preventive 
measures that the mischief the insects may do can be 
prevented. * What is the preventative 1 ’ the novice may 
ask. More correctly the question might be, * What 
ai'e the prevenbitives T for they are more than one. 
With a certain reservation it may be said that their 
name is legion. We do not purpose giving oven the 
names of the best known of these, but simply to 
confine our notico to one which has now been tried for 
some seasons, not only with roses, but many other 
insect* plagued plants, with such marked and uniform 
success, that we never think of using any other. 
This is nothing else than carbolic acid— a liquid, 
fbrtuaately for these who have not much m h to 
•pare^ as cheap as we have found it to be mrmKSfitl^ 
!rhe aeid we use is the ordinaiy, or whait is 
omde (that is, not refined) or eommeraU, As wit 
have aaU, it is very cheap : two^psimyiMrtli m hpivt 
found to do a veiy lar^ amount ptant-deirfakg , 
work, with a good deal to spare for battkf with the 
slugs or snails, which do su^ woful damage to such 
crops as vegetable marrows, kidney-beans when 
starting, and to strawberries. The crude csrbolic acid 
being very strong, and being a poison, requires to be 
kept carofuUy under charge, and should be diluted. 
The process of preparation is veiy simple, and 
demands no great nicety of proportions. We generally 
use an ordinary-sized teaspoonful to a quart or 
leather better of water. The water is applied boilingi 
or at least very hot; the acid being placed in an 
earthenware jug, and the hot water poured over it 
and this from some height above the jug, so that the 
agitation will mix the acid well with the water. The 
mixture is ready for use os soon as it is quite cold. 

The best way to apply the mixture to the plants li 
in the form of a spray. For the amateur, who is not 
supposed to have very many plants to keep in order* 
one of the small blowpipe scent or spray distributors 
will be the best, as it ocsriainly will the cheapest 
costing as it does but a few pence. For distribution 
on the larger scale, a small pump with a spray nozzle 
will do excellent service. We liave such faith in the 
elficacy of dilute carl>o]ic acid water in getting rid 
of all kinds of insect plant*plagues, that we believe if 
it was applied by pump and spray nozzle to the hop 
plants, the losses which vex the souls and impoverish 
the pockets of bop growers, of which we hear so 
much, would be l^gely if not wholly avoided. To 
return to the work of the amateur in clearing his 
rose plants from the insect pest hy means of a small 
or as we call it a toy spray distributor: while its 
purchase is within the means of nearly all roee 
cultivators, its use is not within the compass of the 
lungs of all. To blow the ipnty upon one plant may 
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be easily enough done; but if half a dozen plants, 
and those of moderate size, have to be operated upcm, 
even a etrong^lunged amateur gardener will find 
hiiu ff rif sufficiently tmed of the work of blowing the 
spray. Some are so tender in their lungs that they 
cannot, and indeed dare not, attempt the work of 
spraying** even a small rose-tree. In such a case 
one has to resort to other means of applying the 
dilute carbolic acid water. We belie 7e there is a 
form of small sick-room or drawing-rOom spray 
distributor, worked by means of a hollow vulcanised 
india-rubber ball or sphere. We have not tried this, 
and have had no occasion to do so; having in the 
first instance provided ourselves with an ordinary 
blowpipe sprayer, and nature having kindly provided 
us with such a powerful “puff,” as one of our young 
folks persists in naming it, that with very brief, 
judiciously arranged pauses or intervals, we can 
“ doctor **— another juvenile term— a goodly number of 
plants without being much if in any way distressed. 

If the plants are treated in time— that is, before 
they are taken a thorough hold of by the insect 
plague — the spraying is very effective ; and those who 
use it for the fix^ time will be amused or gratified 
at the way in which the insects will “ drop ” from the 
plant the moment they are touched by the spray. 
But if through neglect, lazineas or indifference, or 
perhaps an enforced absence of a day or two from the 
pleasures which plant culture and care give in large 
measure to all lovers of flowers, the insects get a 
thorough hold of the plants — we have found that 
repeat^ applications, or rather a lengthened and 
oontinous single application of the spray, is necessary 
before the insects are dislodged from the plants. 
And this lengthened spraying, from what we have 
said above, is not within the compass of evexy 
amateur gardener*s lungs to give. All this points to 
the amateur beginning vety early in the season to 
look after the insects. There is nothing like dealing 
with them in detail; for in no case is the truth 
conveyed by the proverb “ a stitch in time saves nine ” 
more enforced, than in that of, the insect plague of 
rose plants. The two or three of to-day, if not 
sprayed off, will in two or three days have multiplied 
to dozens and dozens. Their rapid increase is mar- 
vellous, and so also is the way in which so many 
contrive to keep on to the branches or twigs. We 
have seen them many a layer thick, till a slender 
twig bulges out to the size of a thick one. And 
the lapidity with which such individually tiny insoetiB 
get rid of, or eat up, leaves and bnds, and destroy or 
impair the vitality of the branches, is no leas surpri^g. 

When plants, then, are so thickly infested-^we were 
about to say inorusted, and the term is after all 
graphicsUy expressive— with the insects, the very 
thin and attenuated spray— it is snore like a vapour 


than a liquid ehower— acts too slowly upon the 
plague: more vigorous measures have to be taken. 
There is a way of deftly flirting with the Angers 
drops of the dilute carbolio add water in such heavy 
showers, so to call them, that the application is more 
effective than the spray ; or a light sponge may be 
‘used to wash or brush off the insects. But we have 
found no method so effectual aa using the fingere— 
dipping these into the carbolic water, and gently 
rubbing off the insects. Nothing can exceed this' 
delioa (7 of touch, and a very little practice will enable 
one to get so deftly through with the operation, that 
he will be surprised to And how short a time is 
required to do so much. No doubt the method has 
its disagreeables. Some, indeed, would say that it is 
essentially and altogether disagreeable. In the first 
place the fingers will for some time after the work is 
finished have an odour which is very suggestive of tar. 
But this is not disliked by some, and at the worst is 
not so veiy bad. In the second place the method in- 
volves a brushing off and a crushing up of vitality or 
life which we freely confess is at the first experience 
of it anything but pleasant. It has more than once 
so shocked the susceptibilities of delicate friends 
that they have “wondered” or been “surprised” 
that we could do such a thing— with a double 
emphasis on the “ could ” and the “ such.** To which 
our reply was invoxiable — “ Well, it is not pleasant, 
but, much as we dislike the process, we love our plants 
and the rosea they give us too well to make us grudge 
doing such an office for them.** And we are free to 
oonf^ that it is only the true flower-lover who would 
undertake the work and give patiently the time to it 
which its proper doing demands. And if a little 
sacrifice of feeling is feared, and some time and trouble 
are grudged, there is nothing more to be said, save this 
—that the so-called love of flowers cannot be very 
strong. And after all the labour gets lighter every day. 
For whether it is that, like rats, the insets leave places 
where a warfare of continual disturbance is kept up, 
or whether it is that the leaves and branches of the 
trees or plants get so impregnated with the peculiar 
odoar of the carbolio add, we do not here pretend to 
decide; but the fact we can vouch for is that each day 
the plague is lessened, till at last a point is reached 
when an occasional application of the carbolio water 
only is required, and in some instances even Idxat may 
be dispens^ with. We have s<m enough in the case 
other plants — such as vegetable marrows — as well as in 
that of x^oeee, to oonvinoe us that there is ehmething In. 
the carbolic acid water peculiarly obnmdous to inaeot, 
life. And on the other hand valuable pedxliaril^is 

not lessened by any evil influence which the add^exer^ 
dses upon the plants themaelTea. On the ooiitraiy^ we 
have abundant evidenoe that there is sometUiig in 
which haaa good or healiiii;^ infliieiioe vpm vegehffite 
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growth. Many a time, when iome favourite plant has 
been showing symptoms of being out of condition, 
have we brought it quickly back to vigorous life by 
<me or two spray applications of the add water. 
Not once, but often, have we returned home after an 
absence more or less lengthy, to find our rose-trees so 
neglected as to be so infested or incrusted with inswjts 
that to save them or to get flowers fiom them that 
season seemed to be altogether hopeless. But the 
labour required to give them what at the best was 
but a very slender chance indeed of recovery was 
never grudged. As well it might not have been, for 
in no instance was the labour lo8t,^uite the reverse 
of that, in the flue healthy plants and the beautiful 
roses we have had. And we confess that not seldom 
have we been surprised at what the application of 
carbolic acid water has effected. We have had buds 
actually and as we thought hopelessly eaten into by 
the insects, and which under ordinary oircumst<mces 
would not have recovei*ed, but rotted or decayed 
away, actually restored to such healthy life as to 
yield roses which might be pronounced fine. This 
often to the surprise of others, as well as to our 
own. We should be very much gratified if what we 
have given on this subject will induce some hop- 
grower to try the dilute carbolic acid water on his 
plants this year. We feel somehow pretty well 
assured that the application will be successful — in- 
finitely more so than the water washing or R|)onging 
w'hich is tried; and the acid is so cheap that the 
cost of the carl>olic application will not greatly exceed 
that of ordinary water. We hear, season after season, 
of bop growers earnestly wishing for rain to come 
to wash off the insects from their plants. Th^ have 
here a chance of making axiificial showers of a liquid 
which, to say the least of it, pi^omises a good deal in 
in the w^ay of stopping the ravages of the insect 
plague which every year destroys so many of our 
i.op flowers. 

74. Topping of CNurdoa Botaf. 

In giving our various notes on gardening, we 
do not, as a rule, intend to issue them so as to be 
<< seasonable,’’ — t^t is, in the sense of being published 
at or about the time when they can be applied in 
practice* We do not profess to give a ^ calendar of 
work " in these notes. Our aim is simply to record a 
number of facts and figures which in time wiU form 
a body of informition, which, though given in de- 
tached paragraphs, will be more or less useful in a 
practical, but in all oases of a suggestive character. 
The present note will, however, be published so as not 
to be very far in advance of the period when topping 
of will be valuable. The mere name wiB 

eonv^ to most the nature of the work— which is 
to cut off the top or upper part of every beanstalk. 
But many, and even of those who have for long 


kept gardens and grown beans for family use, have 
no idea what useful purpose the process is to serve. 
We have met with more of this class than at one 
time in our practice we should have deemed likely to 
earist If the reader who has not hitherto paid atten- 
tion to the subject will take notice, next time he has 
a plot of garden bt*ans— « broad ” or “ Windsor, 
that at that stage of their growth alxuit the period 
when the plants are coming or about to oome into 
full flower, seldom later on, when the flowers have 
faded and the beau pod just formed, the tops 
of the plants begin to bo spotted over with very 
black marks. If allowed to go on, these will 
increase till the black covers the whole bond, and 
extends downwards along the stem. These black 
marks or patches are minute insects— so minute that 
thousands will bo thickly clustered round a few inches 
of beanstalk. If closely looked at, what appear at 
first sight to be but some black-looking material or 
subsianoe which has gathered upon tl)e upper part of 
the plant, will l»o found to be in motion, the inserts 
thickly clustered giving a movement not pasily trace- 
able in the single insect. These insects invariably 
attack the upper, the freshest and newest, and to 
them the swwtcst part of the plant. If the original 
colony which takes possiwion of this part bo allowed 
to rest there, the insects multiply so rapidly that they 
extend downwards till the whole plant nearly will 
be covered by them. The presence of these black 
insects, correspond’ng to the green aphides which 
afibet and often ruin roses, simply means practical 
death of the plants, for the crop for which they are 
alone grown will bo p<K)r in proportion to their 
presence, and in some awses will be tot^illy destroyed. 
The only way to soemre the crop against this curse is 
to cut off the upper part or top of «jach plant os soon 
as the black spots or marks i)egin to appear. This 
may seem to be a tedious process, but it is much 
more quickly done than one would think; at all 
events, the gardener has only to choose between 
taking this trouble and having Utile, in many cases 
no crop. The topping may be done by nipping the 
heads off with the finger and thumb, but by far the 
quickest and most pleasant way is to use a large pair 
tA scissors or shears. The severed heads should be 
collected fi^id put in t^ manure or compost heap. AU 
seasons are not alike as regards this bean pest, some 
being specially had ; but we do not recollect ever seeing 
a crop wholly free from it, and even in its lowcet 
development the insect is too mischievous to be 
allowed to continue its ravages. No plant omi be 
healthy when it is present. And an early look-out 
for the appearance of the insects should be given, as 
the period of their attack varies, and this chiefly from 
pem^ritiee ol the weather and the condition of the 
plaata. 
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75* Tht Xetrlcal «r Opntiaaitil Ijitim of Woiffhti oad 

lloaiWM BOW Urftlj vitd ia Toolmiool f open la thif 

Ootmtrj. 

In paragraph Ko* 85 (p. 190), we hare given a note 
on thennometrio soaleH, and have there alluded to the 
fact that the decimal system of weights, measures 
and scales in use on the Continent, and generally 
known as the ** Metric ” or French system, it having 
originated in France under the auspices of the first 
Napoleon, has been largely and is being more and 
more largely used by scientific men in this country 
in their investigations and experiments, and in the 
formulie deduced therefrom. This fact, together 
with that other suggestive one, that a large number 
of technical papers most valuable for our practical 
purposes are met with in French, in which of necessity 
the Decimal system is used, render it a matter of 
no small practical value to our readers that those 
at present in ignorance of should be made acquainted 
with the Oontinental Metric (Decimal) i^stem. Its 
leading characteristics we propose to give in a 
series of paragraphs, of which this is the first instal- 
ment. The term “Metrical,” which is the most 
commonly used term to denote the system, is derived 
primarily from the Greek word metrOf which is the 
“unit” or base figure of the system. The term 
“metrical” given to it is, however, perhaps more 
widely, and certainly more popularly, suppos^ to be 
derived from the French word (see Dissertation 
of the Technical Dictionary). The word itself 
is the leading term in the tables of measurements, 
linear and cubical, and has a like relation to the 
general terms as our yard has to the general terms 
of our own measurements. From the yard the m5tre 
in point of length varies some one-twelfth or there- 
abouts. The term “metro,” which is the true base 
of the term metrical system, and which, as we have 
said, is its “ unit,” is the “ ten-millionth part ” of 
the distance between the North Foie and the earths* 
equator. 

(a) “Measures of Length and Distance leading 
features of the Metrical System adapted to Linear 
Measurements” — The base of these measures is the 
“ metre,** the length of which is given below. The 
“ multiples ** of the “ metre *’ — of course decimal in 
character — are 10, 100, 1000, and 10,000. All these 
are named or distinguished from one another by terms 
prefixed to the word metre — these prefixes are derived 
from the Greek language. Thus the multiple 10 of 
the metre has its prefix “ deoa ** — a Deoatneire is there- 
fore equal to 10 metres. The multiple 100 has its 
prefix “ heeto H^eiometrt is therefore equal to 100 
metres. The multiple 1000 has the prefix “kilo,” the 
KHometre being thus equal to 1000 metres. The 
multiple 10,000 has the prefix “myria,** and Uie 
is 10,000 metres. The sob-multiples, or 


divisions indicating measurements Isss than the metre, 
are 10, 100, and 1000. Thesb are named by giving 
prefixes to the metre— -those being taken from the 
Latin language. Thus the sub-multiple or division of 
the metre 10 has the prefix “ded” — a Deoimetre** is 
therefore equal to the tenth part of a metre. The 
division 100 has the prefix “centi**— a Centimetre is 
thus equal to the hundredth part of a metre. Finally 
the division 1000 has the prefix “ milli '* ^ven to it 
— BO that a MiUimetre is the one-thousandth part of 
a metre. 

The relative values denoted by the prefixes are seen 
in the following table : — 

Hilli B 1000th part of tho unit or metre 
Oenti B 100th part „ „ 

IDeci B 10th part „ „ 

UNIT** 1 metre 
Deka 10 metres 
Heeto* 100 „ 

Kilo - 1000 „ 

Mjrio* 10,000,, 

(5) “ Equivalents in English lengths and distances 
of the above Metrical Measurements.’* 

The Unit is the M^tro, which equals S9'87 inches 
89‘S7 

Millimetre * l^®hes * *03937 inches 


Centimetre 


?»:?.! inchM 
100 


'8937 ipchei 


Decimetre 


« Inche* 
10 


8*987 inches 


Metre » 89*37 inches • 8*28 feet - 1*09 yard.* 
Decametre • 10 x 89*87 inches * ,893-3i inches 
* 10*9 yards 

Hectometre « 100 x 1*0986 yards * 109*86 yards 
Kilometre * 1,000 x 1*0986 yards - 1098*6 yards 
Mytiometre * 10,000 x 1*0936 yards * 10936 yards 

(o) As a useful contrast we here give the corre- 
sponding table of English lengths and distances 

12 inches * 1 foot 
8 feet * 36 inches * I yard 
6| yards « 16^ feet * 198 inches « 1 pole, rod or perch 
40 poles * 220 yarns * 660 feet * 7920 inches 1 furlong 
8 furlongs * 320 poles * 1760 yards * 6280 feet * 21,120 
inches ■■ 1 mile 


(<f) The following gives in tabular fotm English 
measurements with Metrical equivalents : — 


llUt Fwlongt Pole! ViurOs Feet 

1 • 8 * 820 * 1760 - 6,280 

1 40 - 220 * 660 

1 - 6^ « 16| 

1 


Inohes Metrm 
21,120 * 1609.8149 
7,920 * 201*1644 
198 * 6*0291 

86 0*91486 

12 * 0*80479 

1 « 0*0264 


In land surveying a linear measurement is employed 
called a “chain,” the length of which is 66 feet; its 
Metrical equivalent is 20*116 metres.t A hecto- 
metre is 4*97 chains ; a kilometre is 49*71 chains. In 
nautical practice a “ knot ” is equal to 1*15 miles or 
6082*66 feet, and its Metrical equivalent is 1853*93 
metres. 

* More oorreotly a Metre is * 89*8708 inches * 8*8809 feet 
• 1*0986 yard. 

t In Square or Land iCeasiire— which see ifi a fataie 
paxagmph— 4he “chain ” differs from tifis factor. 
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(26) We have elnewhero in this department of our 
Journal given a note on the relations of “ solutions " 
of solid substances, which in the popular phrase ai-e 
more or less easily molted in litjuids or fluids of one 
kind or another. If a liquid, as wati*r, dissolv(*s 
a solid substance, say, as sugar, when the melting is 
completed the resulting liquid is said technically to 
be a solution ” ; and in pro{K)rt-ion to the quantity 
of sugar dissolved is the liquid said to l>e “ saturati^d/’ 
The degrees of saturation are — like those of lieat and 
cold — purely rehitive. Thus, in the case of solutions 
of sugar, one solution may 1)0 said to l )0 sweet — even 
very sweet — yet it may 1 k) far from sweet in relation 
to another solution, wdiich may l)e s\vt>etor still — that 
is, liave mort? sugar dissolved in it. Tn making solu- 
tions it will 1)0 observed that the liquid, as waiter, 
will, l.>eginning with small weights of the substance, 
say sugar, keep taking up more and more of flie 
sugar lis the portions last put in are melted, the 
solution l»eing sweeter and sweeter and iK^coming 
more and more saturated. But at last a condition of 
matters is reached when, however mmh of the sugar 
is put into the liquid, and however industriously the 
solution ift stirred, the sugar wdll not l»e melted, hut 
in a state of rest will lie at the bottom of the veswd, 
surrounded and mixed with water, but (juite unmeltecl. 
The water or liquid seems to have lost its dissolving 
powers ; it is not able, so to say, to carry a further 
load of the sweetening matter; it can no longer attack 
the sugar and make it give up its secretions. When 
a solution gets into this condition it is said to Ije 
“ supersaturated." 

(27) In Note No. 10 we made a remark or two 
upon gyjjsum, better known os plaster of Paris, and 
its value in the arts as a cementing material, and one 
also of groat use in other ways, Jis in the wisting *)f 
ornaments and the making of a flne hard plast<*r. But, 
valuable as it is, from the rapidity with which fn)m a 
condition of a creamy or thicker paste it “ s<‘tH " into 
a material os hard as stone, this very chnracUjristic 
has its disadvantages j for not seldom df)e8 the plasUir 
set before the work it is used for is (jompleterj, at least 
with all the nicety and finish which one may wish 
to give it. Hence a method is obviously desiderated 
of tr^ting the gypsum so that while H still, when 
made into a paste with water, retiiins t e projicrty of 
** setting ” or hardening, seUing is so slowly done that 
ample time is afforded to use it and finish off the work 
to which it is applied with all the carefulness and 


nece.ssary slowness dwirahlo. Such a mothotl we owe 
to tlie m^'archos of a (\mtincnt«l scientist, of which 
the following is a bi'icf description ' The metlKnl i.s, 
lik(‘ many i'thcr inq)rovcd modes of working diffenmt 
substances, v(m*v simph', and consists in mixing with 
tlu> water and gy}»sum a |H»rlion of the dri('<l m)t 
— pnlvcrisod of tlio plant well kno\m as the marsh 
mallow. Tins, mixt'd with the pow<hTed plaster of 
Paris, forms witli it a s|M‘ci»‘s t)f fat lime, the setting 
or hardening pn»p<‘rly being only delayed, and not in 
any sens<* impaii-cd. The softening })roj)ei*iii^*of the 
marsh m/»llow an* well known ; they give, in fa(’t, the 
naim* to tlio family of this well known ]>ljtnt, of whi<’li 
there arc* many varictios, this mnne, Isdng 

derived from t lu* Litin rW/v/, and this fnun the (Im^k 
word m<nlacJH\ wdiich its(‘lf comes from the OnHsk verb 
imhmo, to sof<.cn. 'rbo HofU*ning prop(U’ty of the 
marsli mallow arises from the j)resence of a largo jH*r 
centagt* of nnicilaginons matb'r, which distinguishes 
tlio wliole family. The mucilage preiwnt in the 
marsh mallow seians to have a singular efliiH’t on the 
plaster of Paris. Jt can \m moulded into any form, 
plain or ornamental ; rolhsl inb) sheets |H)HseMS<sl of 
considerable elasticity, and wdneb, when luirdened, do 
not break, — worked, indcsal, in the many w’ays wldch 
a thoroughly plastic and U)ugh Hul)stance admits of. 
For the ordinai’y pnrjKises of cementing, the phister 
of Paris trwited w ith the marsh -mallow root hardens 
well in about an hour — in itstdf a gmit pniotieal 
value, which Diose wlio have only worktsl with 
the jdaster in tlm ordinary way will thoroughly 
appr«ciiit<*. • 

(2H) Aluminium, one of our modern metals, the 
basis c»f which is alumina, from the iMin word for 
clay — henw* the name— was fi»*Ht pro<lu(!ed on the 
large wale by I)<*villo, the* (!elebraU)d French (diemist, 
IVofessor Welder lining the original dis(5overer. Hince 
its j)rofluctinn in (juantity, some thirty or thirty-five 
years agr), it 1ms l>etui uwsi for a wide variety of 
purf)Oses, having at one time Vajen very fashionable 
when formal inU> aiticles of jewellery, which, if not 
valuable for their other (jualities, jK)««e«s(xl the <liv 
sirable quality of extnsme lightness. The low spefific 
gnivity of the metal ffirms, indeed, its chief character- 
istic, and alforrJs wmstantly a method of distinguishing 
it from all other met/ils, when in the form of one 
or other of its alloys it assumes an appearance 
diflering fi*om its imtural, and~--to many — not very 
pleasant one, the colour being a tone between that 
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of zinc and iron. Taking the standard of specific 
gravity — namely, water — as 1, the specific gravity of 
aluminium is 2*5 or 2^ times heavier only; cop{)er is 
three times Jieavier, silver four times, and gold eight 
times heavier. 

(29) At the conclusion of our last note on the 
subject of ** Fuel Combustion ” (No. 24) wo stated 
that, so far as the rapid and complete combustion of 
a fuel was concerned, the condition in which it was 
was everything ; it is, at aU events, of practical 
importance when using fuels,— of such importance 
that further remarks upon the subject will bo of 
value to our young readers. A higlily combustible 
material may, indeed, be so placed that it will l>e a 
difiicult matter to get it lighted and burned away. 
This may bo tested sim])ly enough, but yet in such 
a way as to convey some lessons of practical value in 
tlie matter of combustion. Take a newspaper, and 
crumpling it up so that it will in a measure stand 
upright on the floor, apply a lighted taper to the 
lower part, next the floor; in a second or two the 
paper will be a sheet of active flame, which will soon 
exhaust itself, and leave in a minute or two black 
patches of ash. Take another paper of the same size, 
lay it flat on the floor, and set fire to it at one part, 
as before. The chances are that the flame first created 
will soon die out, or, if not extinguished, it will creep 
slowly along the shoot, and ten chances to one it will 
get extinguished rather than burn completely away. 
Take another sheet, fold it up flat into small compass, 
and try to set this on fire lying flat on the floor ; the 
task of wholly consuming or burning it completely 
away will be no ofisy one. It will be facilitated, and 
greatly, by placing it on edge and keeping it veHical, 
and s(4ting fire to it at the foot. The diflerence in 
the i*esults has arisen wholly from the condition of 
the combustible — the relation it had to the air, which 
was necessary first to ho heated, an<l the oxygen of 
which was I'eady to enter into combination with the 
carl)on and hydi*ogen of the combustible. And the 
iniiuonco of a high temperature in so preparing the 
combustible for rapid burning and complete combus- 
tion can be exemplified even by the simple experiments 
we have described. For let the youthful student set 
fire to a large sheet of paper, or some light pieces of 
wood, on a cold stone surface or on a cold iron plate, 
and then u|M)n these warmed or upon a wooden floor, 
and he will at once, if observant, note the difference. 
The ultimate lesson derived from these experiments 
with combustibles, which the youthful inquirer will 
learn, will be that the more solid and dense the 
combustible, the heavier and the larger the pieces or 
lumps, the longer time will it take to ** kindle " them 
or get them into a state of active burning, and the 
longer the time for effecting complete combustion. 


The converse of this will be brought about by the 
process of “division,” — of, so to say, cutting up or 
breaking up combustibles that the maximum of 
surface be obtained in order to facilitate the com- 
binations which bring about the active combustion 
of the fuel. And the young reader will perhaps be 
surprised to learn that the whole tendency of ad- 
vanced practice in the combustion of fuel for the 
obtainment of the high temperature now necessary 
in various improved processes of the arts, is to carry 
out the principle of division in heating the com- 
bustible ; and this by so changing its condition . that 
large surfaces are presented to the action of heat of 
the kindling, or already kindled, fuel, thus facilitating 
the combination of its constituents and of the air; 
that coal can be so treated that, on the application of 
a light, it will Ite ilasliod into ihime with almost the 
rapidity with which gunpowder explodes when the 
lighted fusee touches it. Coal dust — .some of it a 
fine impalpable powder, the quantities of which have 
long rendered it a nuisance difiicult to be got rid 
of — was some tinie ago almost successfully dealt 
with by one of our ablest engineers ; the meijhanical 
difliculties were such that the attempt had to l)e 
given up, but the impoitance of the principle of 
division was nevertheless amply proved by what had 
been done. Applied in another dii^ection, it has been 
so eminently successful, as we have already said, in 
dealing with the absolute refuse of combustibles, that 
fuel in the ultimate stage of division — that of a gas — 
is now used everywhei’e in the obtainment of teinj^er- 
atures ranging up to points altogether beyond even 
the most sanguino dimms of the advanced engineers 
of a quarter of a century ago. On what has been done 
— ^what is daily being done — with it, the reader will 
find some notes in the latter part of the paper in the 
text entitled “ The Steel Maker.” 

(30) To the collection of notes upon “Cements,” 
we add another, said to be useful, for the joining of 
iron or steel, and gutta-percha, leather, and canvas 
together ; and which possesses a characteristic 
which will be appreciated by the mechanic with 
whom clean surfaces free from greasy matter are 
not of easy attainment, this feature being that the 
cement is not lessened in adhesive value, or if so but 
to a trifling extent, even should the surfaces to be 
joined be greasy. The only caution to be attended 
to is that the surfaces be not moist or wet ; they will 
be aU the better if thoroughly warmed. The cement 
is made by thoroughly melting by the heat of a water 
bath two pounds of ordinary glue of the best quality, 
adding to the melted mass two ounces of gum am- 
moniac, carefully amalgamating the mixture. When 
well mixed add two ounces of muriatic acid, carefully 
mixing this also with the other ingredients. 
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Bouding, masonry, 210-12, 249, 818 
Books, teclinical class, 148-6 
Boro-glyceride as a food proiorvor, 
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loads of, ^9, 800 
overturn of, 299' 
stability of loaded, 299 

Carton plerre, window enrichments 
in, LIY 

Cartridi^ P^P^r, draughtsmanship 

Carvings, cabinet, xyii 

Casings, joinery, xxv 
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Devon, 826 

digestive organs of, 220 
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proportions of, 221 
Bhorthom. 228, 256, 8M 
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skins of, 221 
stomachs of, 220 
tests of value of, 221 
texture of, 221 
touch of, 221 
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vital q^ns of, 220 
West Kghlano, 868 
Ceilings : 
joists of, XXXVII 
plans of, 218 
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Centigrade scales, 190 
Central Institution of Technology 
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Centre of gravity, ships and, 877 
Centre-pieces, decorative, i 
Charcoal pencils, draughtsmanship 
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Chamfered work, masonry, 847 
Churches, doors of, LXlll 
Chemical manufactures t 
equivalents in, 194 
signs in, 194 
symbols in, 164 
Chemistry : 

calico printing and, 16, 20 
pigments and, 269 
Chimney -pieces, carved wood, LYll 
China clay, manufacture of, 860 
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Gills, masonry, 847 
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contents by measurement of, 189 
contents or capacity of, 248 
rain-water, 89 

City and Guilds of London Insti- 
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Civil engineering : 
architecture distinguished from, 

classes of, 84 
correspondence on, 846 
drawings for, 86-6 
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144-5 

Clay, china, 860 

Closets, house planning and store, 
202-8 
Cloth : 

expander for, 194 
factory work and, 29 
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iron-making with, 880-1 
recent discovery of, 191 
Cokomaking. SimoD-Carvto pi ocese 
of, 191 

Collar-beams, carpentry, Yit 
Colonista, houses for, XL 
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cold in, 888 

decorative, x, ix, xrv, XXXU 
definition of, 882 
harmony in, 294 
industrial decoration and, 281 
warm in. 888 
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introduction to, 268 
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calico printing and, 16, 64-lL 170 
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complementary, 882-8 
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foraign, 

toohmoal odiioatio& and, 94 
Oompe^Te ivitem, teolmioal edn- 
oation and, 146 
Oommardal mmenm, 91 
Oomplementarj oolonn, 882-8 
Counts, factory, 68 
Oonorete, Portland cement, 41, 188 
Oonfignmtlons. geometrical, 884 
Connecting rods, machinery, zx 
OontinentM countries t 
joinery in, 97 

ornamental woodwork In, 97«8, 
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technical education in, 94 
Contracts : 
architectural, 88, 216 
engineering, 88 
Convex lines, geometrical, 884 
Convex surfaces, roads with, 299 
Copings, masonry, 848 
Copper Institute, 848 
Com, graziering compared with 
growing of, 82 
Comers, masonry, 249 
Cornices: 
carpentry, xxxvii 
masonry, xxxvi 

Correspoudence, 44, 92, 141, 198, 
246, 298, 844, 889 
Corridors, ^laus of, 218 
Cottages, timber, XL 
Cottage gardening : 
crops anticipated in, 814 
economical, 814 
dower culture in, 814 
fruit culture in, 814 
herb culture in, 816 
laying out in, 814 
potherb culture in, 815 
seasons and, 814 
vegetable cropping in, 814*16 
Cottars, force-pump, Lxiv 
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arrival at the mill of, 2G6 
bales of, 265 

compressed bales of, 266 
lumps of, 266 
mixing of qualities of, 266 
opening up of fibres of, 266 
porcupine machine for, 266 
qualities of, 80 
vertical opener for, 266 
willow in dressing, 265 
Cotton manufacturing J 
beaters in, 871 
calicoes and, 80 
chief seat of, 29 
classes of, 80 
fabrics in, 29 
first process of, 264 
lAncashira and, 29 
lap machines in, 871 
iSsUtiea of, 29 
opening in, 870 
qualities of cotton for, 80 
■catchers in, 871 
iiODiid process of, 266 
viwiety of, 29 
vertical opener in, 870 
Oourees: 

Baaonry, 260 
rabble. 249 

Cowper hot-blait stoves, 191 

big b pziMue, xiiiT 
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OroMHMOtions ! 
joinery. XXV 
roadmaking, 299-800 

firaughtsmanship of, 166'9 
^geometrical, 262, 884 
Cycling, electricity for, 48 
Oylmders, calico printing, 206-7, 828 
Cylinders of steam engines : 
details of, 868 

distribution of steam in, 868 
expansive work in, 858 
high pressure, xliv 

Dairy produce, graziering and, 87 
Deck cargoes, ships and, 877 
Decoration ; 

Alhambra, I 

Arabic, z 

bands in, z 

centre-pieces in, z 

colour m, I, IX, XIV, XXVI, XXXII 

form In, i, ix, xiv, xxvz, xxxri 

friezes in. i 

industrial, i, zx 

joinery, xxi 

Moresque, l 

mouldings in. i, xxvi 

panel, xxxii 

paper, xxxii 

scrolls in, xxvi 

textile, XXXII 

wall, 1, XXXII 

Definitions, importance of aconxaie, 
B08 

DesiguW • 

<8ec “ H^ouso Planning ” 

/See also ** Ornamental Wood 
Working •• 

Devon cattle : les *' Cattle 
Diagonal adjustments, carpentry, 
869 

Digi^siive organs, cattle's, 220 
Displacement, ships and, 877 
Dynamics, science of thermo-, 866 
Doctors^ calico printing, 82H 
Domestic architecture, sheet i 
Domestic house planning : SM 
“ House Planning ” 

Domoetic life, vegetables in, 817 
Domestic structures, ornamental 
work in, 98 
Doors : 
bedroom, 204 
casings of, xxv 
closet, 261 
drawings for. xvii 
hanging of closet, 261 
heads of, x 
joinery, iv, xvii 
room, 261 

Doorways, masoni^, zzxvi 
Dovetail joining, joinery, 216, 289 
Dovetailed ledges, joinery, 160 
Draininij^^ land : He ** lAnd Drain- 

DraogStsmansbip : 
ar^tectural: sm ^B uilding" 
building : ne ** Building 
engineerijig : sm **3aUaiiif ** 
geometricu: its ** Oeonitrical 
Draughtsmanship ** 
maehine: sstf^^Bufiding ” 
mechanical : see ** BoUdiflg and 
Machine DrangfatsmanshTp ** 
ornamental: ms ** O rnamental** 
Drawing : sm ** Draugfatemanship ** 
Drawing-boards, 100-1 
Drawing-paper, dimeoskus off 190 
Drawing-pisi, 102 
Drawings ; 
dvQ engioeeriag, 86-6 
T-squar«i and, 109*1 
Drivoi^ steam-engine, 276 
Dresden, teabnkal edneatkm at, 48 
Droughts, dtmiakif and, 168 
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Dyehigi 

animaloules in indigo, 297 
calico printing and, 16, 170 
indigo, 297 

Dyes, calico printing, 206 

Earths, brick, 56 : sm also Boils* 
Bcoentrics : 
force-pump, lxiv 
machinery, iz 

Edge to edge joinery, 160-1 
Eduoation: sm ‘^Teonnloil* 
Electricity : 
cycling by, 48 
packed for removal 141 
speed of. 48, 192 
water power for generating, 844 
Electric engines, steam engines 
vsrses, 278 
Electric lighting : 
committee on, 245 
progress of, 297 
railway train lighting by, 191 
Elevations, architectural, 213 
Emigrants, houses for, xi. 

Energy, mechanical, 807, 362-6 
Engineering : 
draughtsmanship for, 88 
wire gauges and, 84 
Sh also ^ Arohitooture ” 

See also “ Civil ” 

See also Mechanical ” 

Engines I sm ♦‘Electric,*’ “Qas,” 

“ Bioam ” 

England *. 

brick and stone In, 812 
vegetable culture in, 817 
English work : 

Goin)ietitiou with, 1 
Continental and 94 
folly of, 98 
high value of, 8 
losses in, 93 
opportunities for, 95 
peouliaritlui of. 1 
supremacy of, 06 
See also industrial Work " 
Ensilage, introduotiou to, 187 
Estimates : 
bniJdhig, 248 
data for, 87 

Even kfHjl, ships and, 877 
Bahibitioui: 

Antwerp, 298 
Inventions, 48 
New Orleans, 246 
various, 848 
Expander, cloth, 194 
Eyes, link, 244 

Factory-work, cloth in, 29 
cotton : sm ** Cotton ** 
counts in, 68 
dUtriot for, 68 
duties of, 29 
great district for^fHI 
organisation ot^n 
spun goods in. 29 
wovto goods m, 9 
yam is. 29 

Em also "Textile Mannfeotnrtog* 
Fahrenheit eoalee, 190 
Farming : 
arto^ 128 
brief glance at, 801 
divined calling of, 128 
graziering disUngnished from, 88 
rntrodnctioo to, 128 
labourers in, 126 
mannret in, 802 
ralatioM of, 126 
retnlte of, 802 
a^ce of, 128, 801 
seeds and, 102 
•oils in, 801*2 < 
technicml bssriage of, 124 


MS 

f imlog ( eon f i w u d ) i 
ueefurwnrkof,l» 

eeaukeri, joinery, 62 
Fermentation, white toad prodfiood 
« by, 880 

Ferns, deooritioB with, tx 
Figor^ gfometrioal, 251, 884 
Fir: 

dimensioai and oafrying weight 
ofbeamof,944 
Biga,9ii 
Fira^eka, 814 

Fitwplaoes, honee pluming and, 
126, 204 

Firing, calico printing and, 17 
Floors: 

Jointe in, LXi 
joists for single, 244 
Flotarioiv: 
plane of, 819 

ship-building and, 269, 819 
Flowers ; 

cottage gardening and, 814 
gardeubg and love of, 162 
Food preserver, boro-glycerlde as 

Forou,’ meoiiauloal, 279-80, 806-7,302 
Force r 


cottars of, lxiv 
oocentrios of, lxit 
keys of. LXIV 
oil holes of, LXIV 
pUton-rod oonneotlons ol, ULiV 
plungers ot, LXIV 
straps of, LXIV 
Foroi(ro competition : 
business cohiidoratlo&S of, I 
character of, 2 
English work and, 1 
extent of, 2 
Form; 

decoration of, 108 
decorative, 1, U, XI v, xxxtl 
introduction to, 106 
nature of, 104 
princlplee of, 108 
ntllity of, 104 

Framing, carpentry, 10, 147 
Framework: 
carpentry, 868 
houses in, XL 
iron, XUI 
timber, XLll 

Frenob white, mannfietnre of, 869 

Frieiee, decorative, i 

Fruit; 

cottage gardening and, 814 
drawings of, 821-2 
Fool : 

oonsumption of. 296 
economy in, 296 
gaseotts and soUd, 41 
indiiitrtal prooeesee and, 296 
iron-making with wood, 287 
natural gas ss, 848 
proonsses and, 896 
wood, 287 

f nrnitare, positioM for, 104 
Fkiraitare making t 
heanty in, 116, U8 
eharaeterlstios of, 116 
cheap work in, li6 
early history of, 116 
history of, 116 
lack of taste liL 118 
taste in, 118 
utility is, 116 

Gables, masonry, ivi 
Gallows, maebinoty, ii 
Gardening : 

alkrUnent nystom hi, 164 
cottage : ms "Cottage" 
donbtfnl whether moit madi of, 
168 

fiowMi and, 162 
healthy infinenoe of, 169 



m 

Gftrdeolsg (mtkmS) t 


ismxx. 


Grooved jolstt, jd&iiy, M 
Qnmimmi: 

‘^rm 



__ tu 

'SS&S.m 

iitftlor.198 
itfdftllmpmaMaf, 10S 
mtm ia, 165 

time » neoMMrr element otf 154 
▼egetftble food fremt 16S 
ymifies 

Gil! 

improTement in wiDg, 297 
natural, 848 
aouree of power In. 91 
vitiating olEuoti ox, 190 
Qm oneinea : 
future of, 267 
iteam enduee eeriM, 278 
Oaeeoui f ud, lolid comparod with, 41 
Oaugei : set << Wire and Metal » 
Gearing ! 

bevoT-toothed wheel, iv 
power transmitted by, 185 
Geometrical draughtcmanship: 
introduction to, 261 
proUema in, 261 
range of. 261 
rule of tnumb in, 261 
aoienoe of, 261 
icouo of, 261 
wide range of, 261 
Geometry i 
bent lines in, 262 
oenfigurationa in, 901 
convex iloea in, 894 
curved Jlnea in, 262, 884 
exemplified, 261 
figures in, 262, 884 
horisoutai lines in, 185 
knowledge of, 261 
lines in, 262*8 
open lines in, 884 
origin of, 262 
parabola in. 884 
perpendicular lines ki, 836 
planes in, 884 
points in, 262 
properties of lines In, 252 
right lines in, 262 
rounded lines in, 884 
adence of, 262 
itealght lines in, 262 
Burfaoesln, 262,884 
terms In, 262 
vertical lines in, 884*5 
workmen and, 261 
sigiag lines in, 262 
See aMo ** Geometrical draughts* 
mauBhip ” 

OlflM. tompurod, 848 
Glyo^de, Wo-. 88 
Gothic roofs, designs for, ].xi 
Grass, decoration with, t.x 
Grasses, feeding value of, 90 
Omaiertuf : 
arable land and, 82 
business of, 88 

cattle brewing and feeding in 
connection with : tee Uattle ” 
corn growing compared with, 82 
farming distingaumed from, 88 
graseoB adant^ for. 90 
husbandry aietiuguishcdfrom,88 
importauca of, 87 
introduction to, 87 
technical points of, 87 
treatment of, 87 
8eealM<<0attle’* 

Orooved and tongued joinery, 62, 
178 


,irowntt •1,075 

HangMi, machttMET, if 
Harmony, uolonre uyf94 


Height Itees, buil^ff, XLVIX 
Heline, guiding by, r* 
Herbs: 



;Mnery (coaffiMwd) I 
, caspentry atuL 49 


dharaetercf,48 


laleof, 815 

Hereford cattle : f ss Osttle ** 
Hides, cattle tested by,i21 
High-pressure steam eugiuei t 
cranks of, XLiv 

S 'srsof, XLIT 
of, xwv 
shafts of, XLIV 
elide valves of, XLiv 
valve casiDgs of, XLIV 
valves of, XLiv 

Home eduoation, advantages of, 
148, 146 

Home planning : iss << House Plan- 
ning ” 

Horisoutai joints, carpentry, xix 
Horisontal lines : 
building, XLVii 
draughtsmanship, vin, 71 
geometrical. 885 
Horisontal pieces, joinery, 288 
House planning : 
absence of conveniences in, 202 
bad, 67, 126 
bedroom-doors in, 204 
oloset-doo» in, 261 
, closets in, 202-8 
comforts secured by, 66 
cupboards in, 127 
domestic comforts of, 66 
doors of bedrooms in, 204 
doors of closets in, 261 
doors of rooms in, 261 
economy secured by, 66 
examples of bad, 6f. 126 
fatigue incurred by bad, 67 
firepkoes in, 126, 204 
furniture positions in, 204 
good. 208-4 

health iufluenoo of, 66 
introduction to, 66 
kitchen windows in, 126 
larders in, 127 
lessons in, 187 
limited conceptions of, 06 
mal-arrangement of, 67, 128 
mistakes in, 127 
pantries in, 127 
poorer classes of, 127 
recesses in, 202 
itore-olosets in. 208 
storing convenienost in, 127, 202 
time lost by bad, 67 
time saved by good, 66 
trifles so called in, 261 
windows in, 204 
window-plaoes in, 126 
working conveniences in, 208 
Houses : 
colonists’, XL 
emigrants’, XL 
framed, XL 

inosonty details erf, xxxvi 


from, 

Indioalon : 

popular deeoription of, 810-U 
•team-engine, 277, 810*11, 859*6 


iXL XL|,1 

lefminfXU 
grass for, LX 
Irylor.LX 
ontUnes in, 229 
prind^les of, 829-80 
eurfabe, 229 ' , 

thistles for, LX 
true, 229 
vetches for, LX 

Industrial, villages, promotion of, 
246 

Industrial work : 
bad, 46. 47 
beat, 46 
cheap, 45, 47 

developments of bad, 47 ' 

education for, 96 
inferior, 46 
influence of best, 46 
poor materials in, 45 
present condition of, 1, 45 
idenoe and, 95 
aystematio bad, 45 
teohnloal education and, 5. 45, 96 
Ingots, steel, 240-2 
Ink, draughtsmanship in, 28 
Insects, rose plant, 885-7 
Institute (Oop^rh 848 
Institution of Teonnology, Central, 
91 

Interlocking, maioniy, 212 
Iron : 

bars of, 841 

gauges of, 841 

nails of steel and, 848 

preservation of surfaces of, 294 

rods of, 244,841 

surfaces of, 294 

weight of, 841 

weight of rods of, 244 

iSee also ’* Metals ” 

Iron making : . 
ancient Britlah, 287 
oast, 880 

ooal as fuel in, 880-1 
coal in relation to, 107-8 
conditions of, 106 
early, 108.286,880 
• hammered, 880 
historical glance at, 105 
history of ooal in, 880-1 
improvements in, 106 
introduction to, 105 
lessons of, 105 
localities of, 106 
malleable, 880 
modem, 2S7 
old method erf, 287 
pig, 880 
Roman, 287 
•eats of, 106 
wood fuel for, 287 
wrought, 880 

Iron plates, weights of, 87 
Iron- work (Ornamental), xxxi, 
xxxvm, XLvi 
Ivory, potato, 194 
Ivy, deoorafeioa witix, lz 

Jambs, mssoury, zzxvi 
Joinery: 
angles in, 269 
aicnitravee in, ZXV 
bay windows in, xzviu 
bead! in, 58 
British, 97 
broad sarfaoee in. fit 


^ Jam' ' 
-"tin- 199 


if '^4 




M#ieeelia; 261 

mmi^TaU \ ' ' t:' 

detaIljid^lTi;X!7It ^ . 
tUaiMon Mtween datpshtij 
and, 49 

doorwings in, xxv 
floors in, IT, xvii 
dovetail joining in, 289 
dovetail joints in, 216 
doveta&w ledges in, 160 
drawings in, xvtt 
edge to edge, 51-2, 160-1 
feather joints in, 216- 
feathers in, 62 
flat edges in, 51 
flush surfaces in, 161 
grooved, 52, 878 
grooved joints in, 216 
half-lap Joints in, 216-17 
historical glance at, 50 
horisontal pieces in, 288 
introduction to, 49 
joined boards in, 161 
joints in, 216 
ledges in. 160 
lengthening joints in, 216 
lengthening pieces in, 216-17 
mitre joints in, 269 
mitres in, 872-8 
mortises in, 288 
mouldings in, zi 
moulds in, 52 
nailing in, 51 
narrow boards In, 51 
oblique, 878 
ornamental, 285 
panels in, iv, xi, xvix 
panel-work in, xxv 
ploughed joints ha, 216 
precautions in, 51 
principles of, 49 
quirk-bead joints In, 218 
quirk-beads and moulds in, 52 
rails in, xxv, 161 
raised panel work in, xxv 
rebatea edges in, 52 
ribs in, 51 

right angles in, 289, 872-8 
securing boards in, 160 
square edges in, 61 
styles in, 161, xxv 
■nnk feathers In, 62 
surfaces flush in, 161 
technical suggestions of, 50 
tenons in, 288 
tongued, 52, 878 
tongue joints in, 216 
true, 1 

vertical joints in, 218, 288 
vertical pieces in, 288 
vertical stylet in, 161 
Venetian window in, un, i.iv 
windows in, zxvm, ui, Wl, 
uv 
Joints; 

carpentry, 10-14 
maooniy, 212 
JokU: 

ceiling, xxxvii 
dimen^ns of, 244 
JoBmals, oardiDg machine, 245 
JuncUone, oaipentiy, vu, xix 


Ke^ of ahipe, ev«n, 077 
Mejis 

oarpentry, 91, zix 
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Kixig*poitst 

CArMStfTi TXl] 
rooil with, XIX 
trnuM in, i69 

Kitcheni, hoiL •planning and, 126 
Laaoa«hlre : 

f»tton mmotaotaring and, 29 
wire and ntietal ganges, 84, lei 
Land ; 
arable, 82 
dimeniioni of, 140 
meaeurement of plots of, 842 
neceesitj for arable, 82 
plot! of, 842 
Land^dralning: 
ability in, 849 

absorption of water and, 16«Vi 
aeration of soil by, 152 
deep, 152-8 

droughts, as affected by, 153 
effects of, 153 
. fallacions ideas on, 152 
good design in, 849 
History 850 
introduction to, 151 
laying out of, 849 
Tnechauical effects of, 153 
object of, 151 
physical effects of, 153 
retentire soils and, 151 
skill in, 849 

soils in relation to, 153-1 
suggestions in, 850 
systematic, 849 

temperature of soil raised by, 153 
thorough, 158 
Lapping : 

calico printing and, 828 
machines for, 871 

Lateral surfaces, roads and, 21I9-300 
Larders, house planning uud, 127 
Lead: 
red, 861 

sulphate of, 860 
white : lee ** Wliite " 

Le Blanc's process of soUa'Usii 
making, 176 
Ledges, joinery, 160 
Lengthening pieces, joinery, 21t)‘l7 
Lime : 

action of, 884 
calico printing and, 19 
cement depeudiug upon, H'14 
mortar made with, 3e4 
Lines : 

building, XLVii 
draughtsmauship, xv, 70-2 
geometrical, 262>3, 881-5 
load, 819 

Links, eyes of, 214 
lintels, masonry, 847 
Lire-stock : 
classes of, 81 
farm produce for, 296 
feeing produce for, 296 
errasttea adapted for, 9u 
Sfs also “ Cattle ” 

Load-line, ship building and, 819 
London sewage, 192 
Longs, masonry. 212, 249 
Loom, new hand, 191 
Luininous paint, :i84 
Lungs, cattle's, 220 

Machine belting : 
eovmg off of, 185 
condition of, 838 
driTing pulleys and, 135 
economy in working of, 182 
grip of, 186 
materials for, 84 
peculiar fsatnr • of, 185 
power and, 89 
power transmitted by, 185 
itraini on aides of, 162 
strength of, 89 
surfaces of, 188 


ICachine belting (ecntimttd) t 
^ working of, m 
Kaohine-making; 
ability prelinunarj lO) 291 
berei-ioothod whMl gearing in, 

LV 

calculations in, 87 
design in, 291 
difficulties of early, 296-1 
early historr of, 109-lU 
early periods of, 81 • 
early stages of, 290-1 
early work of, 82 
eitablishm'ent of, 1 11 
estimates in, 87 
examples of, 81 
gearing in, lv 
general, 110 
history of, 109-10 
introduction to, 81 
invention in, 291 
manual labour and, 81 
new, 109 
practical, 208 
science in, 208 
speed in, lull 

technical principles of, 81 
theories in, 208 
tool making and, 82 
tools for, 82, no 
Watt’s difficulties in, 291 
Machinery : 

calico printing, 206-7, XXII 
connecting rods in, li 
cranks iu, 1 1 
details of, U 
draughtsmanship of, xv 
early, 82 
ccceotrics in, il 
gallows in. ll 
hangers in, ii 
introduction of, 32 
manual laiwur and, 81 
materials of early, 32 
pedestals in, 11 
plummet blo<;ks iu, ll 
porcupine cotton, 2f»5 
shafts in, 11 
wheel gearing in, i.v 

wire gaug<‘S and, Hi 

Hee also " Building and Macniue 
Draughtsmanship ” 
Maize-starch, mauufocture of, 191 
Manufactures, draughtsmanship 
and, 26 

Manures, farming, 302 
Market gardening : 
early, 816 

distinction conceming, 3li> 
general and, 316 
lutroductiou to, 816 
qu<ck sucoesiioos In, 817 
vegetables and, 816 
M asonry ; 

angle quoins in, 818 
architraves in, XXlvi 
ashlar blocks in, 119 
ashlar walUng in, 119 
ashlar work in, 847 
balconies in, XXX VI 
base monlds in, xxxvi 
blocks in, 250, XXXVi 
bonding in, 121, 210-12, 316 
bunding stooss m, 849 
bonds in, 210-12, 249 
br oikmg joinU in, 212 
brickla)iiig and, 21 
bricks oouibinsd with, 250 
broad b anng in, 
bricklaying combiued with, i.v{ 
carton pmrre in window, ntv 
chamfered work in, 847 
church door in, LXili 
dlls in, 317-6 
Doping atones lo. 812 
oomers in, 249 
DomiDes in, xxxvi 
oonrsed mbble-work in, 249 


Maionry (nmliMMif) i 

eouTMiV 


craahiac wtighU in, 214 
detetiff forms iSf 119 
dellhitloa of* 21 
dfInUi of, IU, LXiU 
dttUils of hooM la, ixxri 
dimensiona of stooio in, 118 
divisloos of, 21 
doorways in, xxxvi 
dreissd stonM in, 119 
extsmal joints in. 120 
fioes of stouM in, 120 
false ashlar, 119 
hnishing in, 120 > 

gablet In, IU 
gutters in, xxxvi 
headers in. 212 
horixontal courses lo. 122 
interlocking in, 212 
intitxl action to, 21 
jambs in, XXX vi 
loiniug in, 34H 
toinU in, 190, 122, 212 
leading divisions of, 21 
lintels In, 847 
longs in, 212, 249 
materials for, 21 
methods in, 119-20 
mullions in, xxxvi 
names of parte in, 119 
piers in, 244 
plain tooling In, 119 
fiolislied stones in, 119 
practice of, 21 
principles of, 21 
propurtioni of stones in, 119 
quoins in, 249, 848, XXX vi 
rubbed stones in, 1 19 
rubble-work iu, 249, 347 
rusticated, 119 
rustics in, XXX ft 
shorts in, 212, 249 
stunes for, 28 
stones ID. 119 
straight liuod, 119 
stretchers in, 212 
strings in, xxxvi 
terms in, 119 
terra cotta and, bXlu 
throated work in, 84 H 
throughi in, 212 
tooled rtoues in, 119 
Venetian window in, uit, MX 
vertical courses in, 122 
wall construction and, 21 -4 
walling in, 119-20,210-12 
walls in, 122 
weathered work in, 846 
window architraves in, xxxvi 
window beads in, ill, XXX vt 
window mullions in, XXXvi 
windows in, 847, bill, Mv 
Meat : 

cattle-feeding and, 61, 68 
graziering and, 87 
Measurea, metrical, 886 
Mechaniosl draugbismansliip : 
eorrespondenoe on, 845 
Be* xuo *' Building and Macliiue 
Draaghtimanahip 
M<x:banioa : 

aocumnlated facU in, 180 
application of, 133 
basis of. 273 
boding in, 864 
calculations in, 168 
oonjecturca in, 231 
eorrespondenoe on, 845 
danger to students of, 231 
data for calculations in, 166 
diequisitions on, 279 
dyiiamka in, 865 
early stagaa of, 290 
early times of, 134 
early workers in, 131 
energy exerted in, 862-3 
energy in, 107 


MeohMiei (em m e n i d ) t 
exemnUffoatioae of. 184 

expenmeoUnfiat 188 

fi>mhl,S79%l06*7,888 
terther ooDiideritioai hn 181 
heat th, 8844 


hypotbm ia« 881 
introduodoote, 110 
knowledge in. 1884 
laws ^80. 184 
iooee tlody of, 881 
man in relation to, 1884 
motive power in, 865 
natural laws In, 160, 188 
natural phenomena la, 180, 881 
history of, 181 
obeervation in, 188 
overlooking of diffiouldes ia, 181 
philosophy of, 180 
popular notions abont, 180 
power in, 862-5 
practice essential In, 180 
pressure in, 806*7 
principles of, 180 
range of, 180 
revolutionised, 865 
science of, 278-9 
•oientldc men on, 278 
sources of energy in, 868 
steam in, 864 
strength in, 868 
turmi in, 130, 278 
theory essential in, 180 
theorios in, 134, 278 
thermo-ilynamlos in. 865 
treatment of, 180, 231 
two great laws in. 182 
water power in, 868 
wider range of, 180 
wind power in. 864 
work done in, 862 
Bee also Buglnoorlng 
Bee also " Machine making " 
Members, osrMiiiry, »6» 

Mon : ess Workmen** 

Metals ! 
balls of, 844 
bars of, 244 

calculations of oontenU of sur- 
faces of, 863-4 
gauges of, 164 
plates of, 244 
weights of, 244 

Metrical weighu and measures i 
British eouivalenU of, 868 
Mezsauins Aoors, 178 
MiU-handft ms Factory ** 

Milner white lesd, 880 
Mind: 

bandicrafu and, 875 
Mississippi, wster power of the, 844 
Mitres, joinery, 289, 878-8 
Mordants, calico-printing, 170 
Moresque, dscorstlon in, l 
Mortor, lime, 884 
Mortises, joinery, 288 
Motive power, souroes of, 865 
Mouldings: 

methetic end artistic, 178 
bosuty in form of, 172, 174 
decoration, l, xxvi 
deAnttion of beautiful ia, 172 
form diversided in, 174 
introduction to, 172 
Juiuery, Xi. 52 

ornamental oonstmetion In, 175 
•nrfaoe decoration In, 175 
taste as a term in, 178 
Mullions, masonry, xxxvi 
Museum, ooinmeimal, 91 

Nails, fteel e. iron, 818 
New Orleans Bihlbitlon, 245 
New York tragic sebwls, 389 
Nitrous fumes, eulpbork add 
making and, 77 

Cam, boats', 879 
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cutout 

irffOM la»ip«alcr. *if 
OiJ.hoI(Miy uttr 

Open 21am, gtomtkmlt 98i 

^memeai t 

ftPpropriatttBiii of» 187 
Auieii of. 187 

Oriuiinfmtfti dimffhtfxaasBbfp t 
abmtv in, 86 
augnlor litiM ia, 71 
art ill, 26 

fft maaafaotttrm and, 28 
dniitio doeoiatioD and, 112 
oegimten In, 28 
waok-lead pincUf for, 28 
buiJdififf mttffbtuaAnfhip diB< 
tlaguiBhfld 78 
cartridge paper fof, 87 
charcoal penoiJa for, 27 
olauee oL28 

oombinatiooM of lines in, 73 
oonstmotion in, 25 
copiei in, 200*1 

copying of ourred lines in, 1 66*9 
crayons for, 37 
cttrved lines in, 166-9 
deooratioD and, 112 
design in, 25 
design for, 866-7 

designs In, vi, xii, xri, xx, 
XXXtll, XXXtV, XLUI, U LI, 
Lvni, LIX 

drawing of curred lines In, 166-9 
drawing paper for, 28 
dements of, 26, 28, 112 
Ant lessons in, 70 
Arst studies In, 822-8 
form in, 26 
fourth lesson in, 72 
fruit in, 821-2 
groundwotV, lessons in, 27 
uorlsoatal lines in, 71 
illuitration of, 175 
Important point in, 72 
Ink for, 28 
iutroduetion to, 15 
IsMona in, 27 

Unw in, 26, 70-2; lee also 
Lines*’ 

machine dranghtsmanship die- 
tingniilied from, 78 
manufacttirfi and, 26 
mastering of, 26 
materials for, 27-8 
meaning of ornament in, 176 
models in, xlxii 
nature in, 26 
oblique lines in, 71 
paper for, 27 
pen-and-ink, 28 
penoils for, 27 
pnotioe of, 25 
scrap-paper, 28 
aerollf in, rii, u 
second lessons in, 71 
slate system of, 27 
sloping lines in, 71 
straight and curred lines in, 199 
•traight-Une Agures in, 112-18 
straight lines in, 70 
students in, 28 
study of, 25 

subjects for copying In. 821-8 
teonnkal work and, 35 
third lessons in, 71 
tools for, 27 
vases in, 821-2 
vortical lines in, 70 
work of, 26, 175 

Ornamental stone : m Stone ** 
Ornnmental terracotta; sm “ Terra 
Cotta’* 

Ornamental wood-working ; 
absenoe of, 98 
artistic, 99 

artiatlc deeign in, 288 


Onatnental woed-woiidiig {( 
tmaad ) : 

base of artistio, 98 
baan^ttl, 99 
beantifnl efleoti of, 288 
British, 97 
carpentry and, 885 
Oostinental, 07, 98, 825 
construction im 288 
contrasts in, 886 
cost of, 286 
design for, 884 
domestic straotures and, 98 
examples in, 884-6 
' exceptions to lack of, 99 
exterior work in, 288 
Aat snrfhoes in. 285 
improvements in, 99 
introduction to. 97 
joinery and, 286 
little extra ooat of, 226 
public buildings and, 98 
reaction in. 99 
ridbness of, 98 
taste in, 99, 225 
timber used for, 285 
treatment of, 2^ 
true feeling of, 98 
wide Aeld ror, 225 
young artiste in. 288 
Oxide (u siuc, manufacture of, 
Oxy-ohloride white lead, 880 


Paddles, proptOslon by, 879 
Paint 

luminous. 884 
See alio “Pigments” 

Panels ; 

decorative, xxxii 
drawings for, xvii 
Joinery, iv, xi, xviii, xxv 
Pantries, house-planning and, 127 
Paper ; 

decorative, XXXll 
dUnensioni of drawing, 190 
draughttmanihip, 27-8, 101,288-9 
rooAng, 811 
waterproof, 841 
Wllleidcn, 841 
Parabola, geometrical, 884 
Partitions, carpentry of, xix 
Pastes, callco-printiDg, 64, 170 
Paving bricks, 224 
Pedestob, machinery, ii 
Pee^ draughtsmanship with, 28 

block-lead, 28 
charcoal. ^ 

draughtsmanship with, 27-8, 861 
grades or marks of, 190 
pointing of. 851 
preparing for work of, 268 
Perforated oricklaying, xxx 
Perpendicular lines, geometrical, 
885 

Perspective dranghtomanship, xv 
Petroleum, refuse of, 91 
Picture planet; 
building, XLvu 
draughtsman^in, viii, xv 
Piers, crushing weights on. 244 
Figments : 

My in, 269 

chemical properties of, 259 
covering power of, 259 
defects of, 888 
' density of, 259 
drying, 259 
n( n-drying, 269 
non-p(nsonous white, 188 
opaque, 358 
paint, 858 

principle of the use of, 358 
properiiee of, 259 
red, 861 

tranhparent, 258 
white, 259 

white lead : m “White Lead ” 


Pigttiitti (oonKaiiid) ; 

white ncn-fmiaBttmia, 188 
niton rods, Ions nixus,!L8Elf 
F3^ gaometricAw 

sxnsKsr” 

rlammgt 
bad and good, 48 
good, i9f 

Pmmmet-bloohi, machinery, n 
Plttngen, foroe-pnmp, LXtv 
PoinA gedmetrioal, m-B 
Points ol sight building, xltu 
P orcupine machine, cotton, 265 
Fortbmd cement, concrete made cf, 
41. 186 

Potato ivory, 194 
Power ; 

belts and transmission of, 89 
heat as a, 864-5 
mechanical, 862-6 
motive, 865 
^ steam, 864 
steam en^e, 809 
water, 865 
wind, 864 

Pressure, mechanical. 806*7 
Primary oolonrs , 882 
Prime movers, steam engines as, 278 
Printing ; see “ Oalioo 
Prise soneme, notice to competitors 
in the, 142 
Prises: 

technical school, 48 
turning. 48 

Pttbllo buildings, ornamental work 
in, 98 
Pi^eys ; 

belts in relation to, 185 
oondition of surfaces of, 292 
convexity of, 186 
gigantic, 192 
surfaces of, 292 
Purlins, carpent^, vn 
Pyrites, sulphuric acid made from, 
76 

Queeu posts: 
carpentry, vn 
roofs with, xix 
Quirk-bead joints, joinery, 218 
Quoins: 
angle, 848 

maeonry, xxxvi, 249, 848 

Kafters, eaipentry, vn, xrx, 
xzxvii 

Bails, joinery, 161, xxv 
Boil ways, mileage of, 141 
Boll^^ station, largest passenger, 

^^Ti 91**^’ electric lighting 

Bain v^ter i 
cisterns for, 89 
supply of, 88 
tanks for, 89 
value of, 89 

^vines, roads crossing, 59 
Rebated edges, joinery, 53 
Beoeaseo, house planning and, 202 
Bed as a ooloor : 
lead, 861 
pigments for, 861 
vermilion, 861 

KsttiSasw" 

Rivm roads CTOiiing, 59 
Boad-making : 
introduction to, 57 
laying-ont in, 67 
materiala for, 57 
roads and: sts “Boada” 
rural, 57 
suburban, 87 


Boid-makfag (mtinued) i 


saK'^g-—’- 

i9airiagelomhiomS99 
oorntruotion of, 87, 800 
convex surlaoed, 299 
ctoeabut of. 58 
miMMtiona of, 299-800 
curves of, 58 
deviations of, 58 
draught power on, 58 
duiabUity of. 58 

drowing power on, 58 

Arst ecsential of good, 57 

Aat^urfaoed, 299 

foroe required on, 58 

forms GL 57. 800 

friction in, 58 

gti^tBof,57.68 

molines of, 67, 58 

junctions of, M 

lateral form of surfaces of, 299 

lat^l^ inclined, 800 

power required on, 58 
proper form of, 800 
ravines crossed by, 59 
repair of, 67 
livers crossed by, 59 
round -surfaced, 299 
sections of, 299 
steep inclines on, 58 
wet-clay soils for, 57 
See also “Bead Msiing** 

Bods, machinery, n 
Boilers, calico printing, 828 
Roman: 

bricks and tiles, 55 
iron making, 287 
Roofs 1 

carpentry, viz, xxv», lxi 
* jlothic, LXi 
joints in, lxi 

paper for waterprooAng, 641 
plane of, 218 
Booms: 

plans of large, 218 
rentilation of, 296 
Bose plants, insects on, 685-7 
Rosin soap, calico printing and, 20 
Bounded lines, geometric^ 884 
Hubble : 
coursed, 28 
masonry, 249, 847 
random, 28 
walls of, 28 

Bustioi, masonry, xxxvi 

Boili, i^ropnlsiou by, 879 

composition of. 177 
manufacture ox, 177 
Sanitation : 
aspects of, 189 
oiroumstanoes inducing, 128 
domestic side of, 190 
elements in oonMering, 129 
introduotion to, 128 
moral ospeots of, 129 
poorer districts and, 129 
position of, 188 
science of, 128 
social aspects of, 129 
twofold aspect of , 189 
wealthier distriots and, 129 
Sawdimt, ntiliiailon of, 198 
□corf Joints, oarpentiy. xzx 
Sohafaier and Helbig’a procoas* in 
alkali making,* ” 
Scholarship, Take, 44 
Schools: 

tUActtltin in technical. 144-5 
New York trade. 889 
“ Teohnkal Journal ” for, 196 
valiieQfMiniiml,9] 
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M! 

rmiog. 801 
omotHoal) 251-8 
uitriU work and, 95 
iclianical. 278-9 


>chino making and, 208 
Itation and, 126 
pbuUding and, 287 
and, itone preferred in, 812 
-^paper, dranghtsmanehip and, 
8 


ws, propulsion bj, 879 
Is: 


3orative, xxvi 
wings of, XII 
shers, cotton, 871 
udarj colours, 832 
ons: 


sliitcotural, 214-15 
nery cross, XXV 
8, farming, 802 
go, London, 102 


:s : 


jh pressure, XLlv 
ichmory, 11 
building : 

ik and weight in, 818 
oyancy in, 2G9, 818-20, 876 
ntre of buoyancy in, 269 
Initions in, 237 

splacement of water in, 270-2, 
18 

planation of points in, 269 

tation in, 287, 269, 319 

■reduction to, 288 

ad line in, 849 

ane of flotation in, 819 

'once of, 237 

ipa, and see “Ships” 

Dility in, 820 
'immmg in, 287 
clinical cousideratlouB In, 288 
•ms in, 237, 877 
dght in, 272 
3ight and bulk iu, 818 
ee also ** Boats” 


3B : 

uoyancy of, 876-7 
urden of, 272 
3ntre of gravity in, 877 
jnveyance by, 288 
eck cargoes of, 877 
isplacement in, 877 
yen keel in, 877 
Hiding of, 879 
leeling over of, 877 
elms of, 879 
nventions in, 285 
jading of, 877 
>addles of, 879 
»itching motions of, 879 
iropulsion of, 879 
•ighting of. 877 
oiling of, 878 
tails of, 879 
orews of, 879 
itability of, 877*8 
iteering of, 879 
.onnage of. 272 
rind and, 879 

jrthorn, cattle known as, 222 
■>rt8, masonry, 212, 249 
uttles, compressed timber for 848 
a: see “Gills” 
geing, calico printing and, 17 
ins, cattle tested by, 221 
,te«, draughtsmanship on, 27 
ide valves, high pressure, XLiv 
ping lines, diau^tsmanship, 71 


i^n,S0 

Btilisation of waste, 87 
da asb, calico printing and, 20 
da ash making : 
shemical changes in, 175 
chronology of, 176 
je iQlaoc s process of, 176 
fits, carpentry, xxxvn 


Sons: 

brick, 66, 228 
drainage and, 158-4 
farming, 301-2 
mixing of brick, 228 
retention of water by, 164 
roads upon wet clay, 57 
Souring, calico printing and, 20 
South Kensington, exhibition at, 48 
Specifications : 
architectural, 88 
engiueoring, 88 

Spun-goods, factory work ami, 29 
Slates, draughtemauship ou, 27 
Staircases, plans of, 218 
Starch, luauufactuve of maize, 191 
Stays, carpentry, XXXVII 
Steam : 

compressed air against, 191 
power, 864 
Steam engines : 
capacity to understand. 809 
continuing value of, 278 
cylinder details of, 853 
detailed drawings for Sheet ii 
details of, 276 
diagrama of, 809, 858-5 
cliHtribution of steam in, 858 
drivers of, 276 
early construction of, 291 
electric engines vernnn, 278 
expansive work iu, 854 
first couatr notion of, 291 
force pumps and, l.xiv 
future of, 275 
gas engines versus, 275 
high pressure, see “High Pres- 
sure " 

importance of knowledge of, 276 
Indicators of, 277, aiO-Jl, 853.5 
introduction to use of, 278 
inventor of, 291 
knowledge of, 276 
managomoDt of, 809 
new views as to, 278 
points of, 809 
power of, 309 
prime mover value of, 273 
principles of, 270 
stilting of valves in, 80 i) 
superseding of, 273 
supplanting of, 275 
users of, 276 
valves of, 809 
Watt s, 291 
Steel : 

castings in Bessemer, 85, 185. 

389, 862 

definition of, 157, 803-4 
extended use of, 156 
making of ; see “ Making ” 
mechanical construction and, 156 
modern form of, 156 
nails of iron and, 8-13 
new metals billed, 156-7 
older form of, 156 
old forms of metal called, SOI 
so-call^, 1^-7 
true. 157 
views on, 156 
wliat is, 803 
Steel making ; 
basic process of, 295 
B<*saemt*r, 240-2 
engineering and, 155 
Gilchrist (Thomas), I9t 
hearth process of, xd6 
ingots in, 240-2 
Introduction to, 156 
machine making and, 156 
modem form of, 156 
new process of, 245 
open oearth process of, 296 
processes of recent, 165 
recent processes in, 156 
relations of, 155 
soaking piu for. 240-S 
^ also ^ Steel 


BtOM: 

bricks compared wfttb, tit 
decay of, 818 

desins in ornamental, xux 
Sngland and me of, 618 
ornamental, XLvm 
inferiority of, 818 
localities using, 818 
masonry. 23 
preferences for, 818 
Scotland prefers, 818 
See also “ Masonry " 

Stomachs, cattle's, 220 
Storing oonveuionoes. house plan* 
niug and, 202 

Stoves, Cowpor hot-blost, 191 
Struight Unas, geometrical, 252 
Straps, faroe.pump, LXIV 
Strength, mechanical, 868 
Stn'tchers, masonry, 218 
String courses, masoury, XXXVl 
Stniu, carpentry, vii 
Strutting, oarpontry, 369 
Styles : 

joinery, 161, XXV 
matenals adapted to, 218 
Sulphate of load, manufacture of, 
m) 

Sulphide zinc, manufacture of, 859 
Sulphuric, acid makiug: 
apparatus for, 76 
burning process In, 76 
calcining in, 76 
chainlicr acid in, 176 
chambers for, 77 
furnaces for, 76 
kilns for, 76 
h.*ud«‘n chambers for, 77 
nitrous futiU'S iu, 77 
pyrites for, 76 
reactions in, 75 
Hiiiall sciile of, 76 
theory of, 76 

Surfaces, geometrical, 334 
Tanks ; 

contents or capacity of. 180, 248 
ram -water, H9 

definition of, 178 

Te.ichers, difllcultiet of technical, 
144-5 

Tcehnieal t.diication ; 
art in rofe-rence to, 150 
books for, 145 
class diflicultlos of, 144-5 
Colleges and, 95-6 
competition and, 94^5 
competitive system and, 145 
nmdilion of, 1 
Continental, 94 
(Jefiiiition of, 159 
<l,flicultifs In, 144 
Drevien, 48 

grapbie illustrations for, 195 
home, 145 

illa<*tratiuns for, 195 
ixidustrul work and, 5, 46 
institutes and, 95-6 
introduction to, 1, 158 
lioguistlc root of, 159 
meaning of art in, 159 
metrical weights and ia«Mores 
in, 888 

retiring dispositions and, 144 
school dillh^ulthii of. 1444 
schools sod, 95-6 
slow. 144 
tr nchers of, 145 
text-hriok of, 146 
wVfi p<»c«, 144 
what is, 158 

working cIsmms and, 96.6, 146 
workmen and, B74-5 
See also “ Indnitrial Work ” 
iitvfCAL JocttiTAt : 
characteristics of, 196 
claims of the, 196 
cydopmdic dictionary in, 148 
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TioMxtQAt Joimvaii 
fioteimMS 
dgufeslmSil 
memon^lmMS 
pecuniary valbe of. 196 
•obools and, 196 
Bpeoial fsatttren of, 196 
youth and, 196 

Technical instruction, England nol 
behind in, 193 
Technical school prises, 48 
Ti<chnical sdtools, value of, 91 
Techuical study : 
earnestness iu, 198 
giHHl example In, 198 
Techuical terms, diotlonaiy of, 
194 

Technology, Oentral Institution of, 

Tenons, joinery, 888 
Tenting, calioo prUiting and, 889 
Terminology, tewnical, 43 
Terra-cotta ; 

dusigUB in ornamoutal, XUX 
details in, LX in 
ornamental. XLViii 
Tertiary colours. 332 
Textile fabrics, decoratlvf. xxxtt 
Tux tile factories ; eee Factory 
Work" 

Textih* institute, proposed, 198 
Textile manufacturers : 
district of, 264 
glance at district of, 864 
iSrs also “Oottou Manufacturing ” 
Texture, oatlle tested by. 221 
Thermodynamics, science of, 566 
Thi rtuomolrlc scales, 190 
Thistles, decoration with, LX 
ThroaUsI work, masonry, 848 
'i'hrough stones, masonry, 218 
Tm-beams : 

calculations ros[>eotiDg, 241 
carpentry, vn. XIX 
Tiles, Uoman, 55 
Timbiir : 

breaking strains of, 244 
breaking weights of, 189 
cariKJUtry, 9, 147 
GompruMsid, 843 
cottage in, XL 
cross-stralua of, 244 
fir. 244 
joinery, 62 

tnisisuro and weight of firloui, 
244 

oniamuutal wtHslwork and, 885 
relative value of, 244 
resisianoQ of, 244 
Bigs fir, 244 
siM?cific gravity of, 344 
strength of, 244 
iruiisveme strength of, 944 
weight and measure of various, 
244 

See also ” Wood ” 

Tone of colours, 838 

Toiigued and grooved joinery, 68; 

Tongue joints, Joinery, 816 
Tun^^e, ships in relation to^ 

Touch, oatlle tested by, 821 
TooUi 

carpentering, 9 
draugbUmanShlp and, 87 
machinery, 82 
making of, 32 
Towns, road making in, 67 
Trade schools, Msw York, 169 
TwM! 

carpentry, 147 
joinery, 62 

TrenaiU, carpentry, 61 
Trusses: 

carpentry, nt, 868 
king post, 869 
roof, LXI 
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INDEX, 


T-»qiiftre, draughtsmftfithlp with, 
862 

Tuke MchoUnbip, 44 
Taming, priiea lor, 48 

Talrfli; 

high preuare, xlit 
B te&m-engine, 809 
Vaniihlng point : 
bnilding, XLVll 
draughtsmanship, vixi, XT 
Vases, drawings of, 821-2 
Vegetable food, gardening as pro- 
ducing, 162 
Vegetables : 
consumption of, 817 
cottage gardening and, 814-16 
domestic life and, 817 
England and use of, 817 
history of, 817 
introduction of, 817 
Vegetable tissue, cattle feeding 
converts, 88 

Venetian windows, liii, lit 
VentlUtion ! 
facts and figures in, 296 
rooms and, 296 

Vermilion, manufacture of, 861 
Vertical joints, joinery, 218, 288 
Vortical lines; 
draughtsmanship, 70 
geometrical, 884 >0 
perpendicular and, 886 
Vertical pieces t 
carpentry. XXX 
joinery, 288 

Vertical styles, joinery, 161 
Vetches, decoration with, lx 
Villa gardening : «ss GuVdiming ’* 
Villages, indnstrial, 246 
Vital organs, oattlo’s, 228 

Wall-plates, carpentry, xix 


Walls: 

cavi^, xxxm 
cona^otiou of, 214 
decoration of, xxxxx 
decoratiTe, i 
masonry, 210-12 
materials for, 21 
rubble, 28 
simplest, 22 
Warm colours, 888 
Waste products, utilisation of, 192 
Water: 

aeration of, 246 
electricity generated by, 844 
power, 868 
purification of, 246 
shipbuilding and displaoemeut 
of, 818 

soils likely to absorb, 1684 
utilisation of power of, 844 
value of rain, 89 
wheels, 868 

WatoiwGolours, white varieties of,nno 
Watt (James) t 
difficulties of, 291 
steam engines invented by, 291 
Weathered work, masonry, 848 
Wedges, carpentry, 61 
Weight; 

iron gauges and, 841 ' 
iron plates by thickness and, 87 
shipbuilding and, 818 
ships in relation to, 272 
Weights, metrical, 888 
Wells, capacity of, 243 
White as a colour : 
baryta, 869 
chalk. 860 
china clay, 860 
French, 869 
gypsum, 860 
oxide of sine, 869 
sulphate of lead, 800 


White as a odour (eontinut 1 ) ; 
sulphide sine, 869 
testing of sine, 869 
water-colour, 860 
whiting, 860 
sine, 869 

Whiting, manufacture of, 860 

White lead ; 
composition of, 880 
fermentation process and, 880 
manufacture of, 88, 880 
Milner process of making, 830 
objections to nse of, 881 
oxgcbloride process of making, 

testing of, 881 % 

theory of making, 880 
nse of, 881 
valuation of. 881 


yield of, 880 
Willesden waterproof paper, 841 
Willow, cotton subjected to the, 
266 
Wind: 
mills, 864 
power, 864 
Windows : 

architraves of, xxxvi 
bricklaying in, XXViii 
carpentry of, xxvit, xxxvii 
carton pierre in, lit 
heads of, m. z, xxxvi 
house-planning and, 126, 204 
joinery of, xxvm, ui, Lm, Liv 
masonry heads of, xxxvi 
masonry of, Liii, liv, 847 
mullions of, xxxvi 
' soffits of, XXXVII 
Wire gauges: 

Birmin»am, 84. 184 
Lancashire, 184 
new standard of, 84, 184 
ieohnical points of, 84, 184 


Wood of various kinds t 
breaking strains of, V44 
calculatlonB of contents of nr- 
faces of. 8884 
' OTDss strains of, 244 
relative values of, 244 
resistance of, 244 • 
speoiflo gravity of, 244 
strength of, 244 
transverse strength of, 244 
Wood working ; see Ornamental" 
Working classes : 
books for education of, 148 
cironmstances of, 148 
education of, 148 
home eduea^OD of, 148 
hours of, 148 
individual study of, 148 
leisure time of, 148 
technical education for, 96-6, 148 
working hours of, 148 
Workmen ; 
art amongst, 227-8 
artificers as, 876 
completeness amongst, 227 
difficulties with, 874 


geometry and, 261 
handicraftsmen as, 876 
mind and, 876 

tecimical ed ucation of, 28 1 -2. 874-5 
toohnloal knowledge of, 196 
technical study by, 168 
thoroughness amongst, 227 
value for, 196 

Woven goods, factory work and, 29 
Tarn factory, 29 

Yont:^ TlOHVlOAL JouAlTAL for, 

Zig-zag lines, geometrical, 262 
Zinc, building and, 246 
Zinc white, manufacture of, 869 


Tht matter which originally npjfeuied on payee 48, 44, 91, 92, 141, 142, 1914, 246-6, 297-8 and 848-6, r^erred to in the 


gf ephemeral tntereetf ii withdraum from thie ediiiont the matter ouhetituted being r^erred to in the following 
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Airt 

steam raising and, 191 
Awalso ** Atmoiphsie" 
iiuenlan oemsnt, 944 
Ash of fuel, 194 
Atmosphere : 
height of, 1464 
moisture of, 846 
pressure «f, 846 
•earlerel and, 2i6 
temperature of, 846 
weight otM6 
Boilers t 
priming in, 844 
tenting of, 848 
Boillngi 
bumps in, 897 
0*7.598 

free sarfaee in, 98 
steam and, 807 

■team raii^ and. 191, 194, 846 
swelling in, iof 
water, 91-8 
OaUeo printing, 48 
OarelSMnesB, 141 
Oements: 

Armenian, 844 

brittleneee in, IM , 

Bnsei^l98 
sugar and, 840 
team in, 844 
Turkey, 844 
CM M, 846 
Ooke fuel, 846 
Oombnitioa i 

fuel. 91, 191, 194, 148, 197. 846 
sliam raising and, 191 
Ooneretet 

Portland eement, 91 
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Details, minor, 49 
Kngines, steam, 43 
Evaporation of water, 01 
Force : 

equivalents of, 98 

foot-pounds of, os 

heat and. 818 

Joule’s equlvsleut and, 98 

meohanioal, 98 

units of, 98 

See also *' Power " 

Friction, 44 
Fueh 
ssb of, 104 
olubbooks of, 846 
coal as, 846 
ooke as, 846 

eomhnstion of, 01, 101, 194, 846, 207, 
846 « 

condition of, 846, 846 
cooking and, 346 
handy pieces of, 346 
inflammabiliiy of, 806 
kindling of, li^ 806 
stoking of, 846 
Fnmaosst 
gas prodneer, 146 
regenerative, 846 
Gasprodueinff: 
fumaoee and, 841 


iugarin,91 
OonditiQn of materials, Ml 
OeoktngtBslfiii 


furnaces and, 841 
Olnei 

acids and, 886 

886 

set Of, 166 
whita,108 
Gluing t 

brittl«B66Sand,]0t 
Grain of weodt 
vamiiheaand.rs 
Gum esoMBls, 844 
Heatitt 

SSSiStSib"' “* 

taMnSSsatin 


Heat(cosfiMMnl);‘ 
moleoulee nf, 102, 343 
quantity of, 102 
■pociflo. 98 
units of, 08, 191 
Home study, 44 
IsingliSB cement, 344 
HiodUne of fuel, 104, 846 
Lubrication, 44 
Mi^inee: 

treatment of, 141 
Marsh-mallow t 
plaster of Paris end, 148 
Materials; 

carelessness as to, 141 
condHiou of, 141 
trsatment of, 141 

Mechanical equivalents of heat, 348 
Meohanioal foroe, 68 
Minor deteba, 48 
Mortar; 

sweetened, 846 
Paraffin oils; 

Hashing of, 848 
Plaster of Paris : 
marsh-mallow and, 148 
setting of, 141-8 
Portland oemont I 


Portland oemont I 
sugar in, 846 

Poruand cement oonerete, flt 
Power; 
meohanioal, 68 
steam, 91 
Arsalso "Foroe" 
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